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IRON AND IRON SALTS USED IN FOODS

Summary

Iron and iron salts have been used as medicine for centuries. The
ancient Greeks, Egyptians and Hindus prescribed iron as a cure for
general weakness - now recognized as a symptom of anemia, and
recommended it for both diarrhea and constipation. In the 18th
century iron was shown to be a constituent of blood, and by mid-19th
century iron was the most popular of therapeutic agents. In the
late 1800's, however, numerous studies purported to show that inorganic
iron was not absorbed, or hardly so, by the body, and its use fell
intfo disfavor. Not until the early decades of this century did iron
therapy regain prestige and renewed application, particularly in
large doses. The early use of pure, powdered iron, with little or no
toxicity, and an apparent effectiveness to recommend it for some unknown
reason gave way to development, and use of, a wide variety of
iron compounds, many with undesirable side-effects. In the instance
of the popular ferrous sulfate, numerous grave illnesses and
fatalities due to children ingesting the ivon tablets intended
for an anemic parent were reported. The potential dangers of iron
salts as the cause of accidental poisoning have not received the
attention from either physicians or the public they deserve. Small
children confuse the often brightly colored, sugar-coated iron
pills with candies, and many have died from ingesting them.

Several excellent reviews of the |iterature and history of iron
therapy are included in this monograph (146, 357, 321, 61, 6). Of
particular interest is a paper by Shanas (308), reviewing the history
of powdered iron and recommending a return to elemental iron (reduced)
in anemia therapy. :

It should be made clear at this point that the normal use of
iron and iron salts as dietary supplements in foodstuffs such as
flour used in bakery products; and in therapeutic treatment of iron-
deficiency anemia is not a cause for concern. lron is an essential
mineral in our diet for the production of hemoglobin, and the
minimum daily requirement varies from 6 to 18 mg depending upon age
and sex (243). Toxicity of iron compounds is related to very large
amounts consumed accidentally, or in a few instances, used in homicides.

Dietary deficiencies in iron and the subsequent necessity for
iron supplementation is a serious medical problem (100) but is not the
chief interest of this monograph. The reference just noted is a
recent study (1970) of the biological availability of various iron
compounds from common dietary sources, particularly those that are,
or might be, used for food fortification. Ferrous sulfate is used as
a reference standard, and anemic young chicks and rats were fed diets
with various iron salts added. The relative biological values found
are, in order from most to least effective: ferric ammonium citrate,
ferrous sulfate, ferrous chloride, ferrous gluconate, ferric sulfate,
ferric chloride, ferric pyrophosphate, reduced iron, ferric orthophosphate,
sodium iron pyrophosphate, ferric oxide and ferrous carbonate.



An earlier, similar study by Blumberg (33) using anemic rats
showed ferric chloride equal in biological activity to ferrous
sulfate, which was in turn 4 t0 5 times as available as ferric
orthophosphate. The report stresses the desirability of using
highly assimilable forms of iron in flour and bread enrichment.

 lron retention and hemoglobin regeneration in anemic rats, fed
various iron compounds or bread enriched with iron salts, as a
measure of the relative effectiveness of the compounds shows the
following sequence: ferric chloride is more effective than sodium
ferric orthophosphate, is equal to ferric phosphate, is more
effective than ferrous iron, and is more effective than sodium iron
pyrophosphate (98).

Ferric chloride added as a supplement in feeding experiments
with rats has shown a detrimental influence on calcium and phosphorous
metabolism (280). It appears that the addition of iron to the diet
reduces the amount of available phosphorous and has resulted in
rickets in rats, guinea pigs and rabbits. Calcium levels are also
decreased. .

Ammerman et al. (10) reported on the utilization of iron salts
fed to calves and sheep. Radioactive Fed9 fed as sul fate,
carbonate and chloride was deposited in tissues of the animals in the
order listed. Other studies showed the Fe’? in Fep0z significantly less
available. lron-depleted calves fed Fe39 as the chloride, FeClsz,
showed a 3-5-fold greater tissue deposition than non-depleted calves
given the same treatment.

The interrelationship between calcium and iron metabolism has
been investigated both from the viewpoint of the influence of
calcium on iron absorption and hematopoiesis and from the interference
of bone formation by high iron intake. Moore et al. (232) fed rats
diets of raw beef, and diets supplemented by CaC03z and FeCOs3.
Histological examinations of the livers of the rats and chemical
estimations of iron, indicated Fe deposits directly related to Fe
"intake and irreversibly related to Ca intake.

Preferential use of ferrous carbonate in anemia therapy is
suggested by the low degree of toxicity and its effectiveness in
raising the hemoglobin level in anemic piglets (69). In dogs, FeCO3
has been shown to be 100 times as safe as ferrous sulfate, 30 times
as safe as ferrous gluconate and 15 ftimes as safe as ferrous succinate
(68). Some investigators, however, find the carbonate ineffective
in the treatment of iron-deficiency anemia in human patients, but
suitable for ftreatment of symptomatic chloranemias (223).

Some attention has been given to the effectiveness of ferrous
chloride and the tartrate relative to the kind of preparation given
to female patients in a Stockholm hospital. The absorbability of
ferrous chloride should be good due to its solubility in water and
presumed solubility in lipids; it has been demonstrated effective in
anemia therapy. The chloride does, however, possess a disagreeable
metal lic taste and tends to produce dyspepsia when ingested in
large doses. The usual form of administration is as sugar-coated



tablets or in a syrup. In this study, the chloride produced a higher
serum iron concentration than the tartrate (249).

Chicks used in anemia studies showed ferric oxide as ineffective;
ferrous sulfate and Cu-free ferric chloride stimulated hemoglobin
synthesis. Purified ferric chloride was ineffective until minute
amounts of copper were added; copper acts as a supplement to iron
in hemoglobin synthesis in chicks and rats (84).

Ferric ammonium citrate and other iron compounds were given
orally to adult male rats to test hypotheses explaining how iron
is absorbed and excreted. Synthesis of Cl4-labelled ferritin iron
in the rat's intestinal mucosa was increased by the citrate three-
fold over controls, 4-5 hours after ingestion. Ferritin protein
remained unchanged. 1t is suggested that iron incorporated into
ferritin in the intestinal mucosa provides a means for excreting
unneeded iron, which then provokes synthesis of apoferritin which
traps incoming iron and is then excreted as ferritin (317).

A single instance of ferrous gluconate poisoning in an infant
girl is reported. The child ingested 30 qr more tablets (0.3
gm). A new Fe chelating agent, desferrioxamine, is credited with
assisting the child fo a successful recovery (134),

The LDsy doses of ferrous gluconate and ferrous sulfate were
determined for mice, rats and dogs by oral, intravenous, intraperitoneal
and intragastric administration. Subacute, emetic effects were observed
over a period of a month, and gastrointestinal distress noted (357).

Ferric pyrophosphate was fed to young anemic dogs in amounts
ranging from 200-1000 gamma of Fe/kg body weight/day. A minimal dose
of 600 gamma of Fe was determined to be optimal for hemoglobin
synthesis. Wheat bran and spinach in amounts supplying 600 gamma
of Fe/day replacing the pyrophosphate showed the bran iron almost
completely available; the iron in spinach was only 20-40% available
(294).

Daily oral administration of 5 mg of ferric pyrophosphate to
human infants during their first year showed statistically significant
increases in hemoglobin and hematocrit levels up to about nine months
of age; at age one year, however, this salutary effect lost
significance (89).

With exception of the single ferrous gluconate poisoning case
previously noted, ferrous sulfate has been the iron compound
accidentally ingested by children, causing acute illness and about
50% fatalities. The sulfate, one of the most commonly prescribed
forms of iron for iron-deficiency anemia, has proven fatal in doses
of as few as a dozen or so tablets, ingested by infants. Fatal doses
of the sulfate have ranged from 40-1600 mg/kg, with an average dose
estimated at about 900 mg/kg (145).

Typical cases of human poisoning from ferrous sulfate have been
reported in numerous papers with frequent clinical descriptions and
treatments (95, 293, 310, 321, 111, 365, 319, 323, 341, 61, 166, 31,
97, 57, 311, 6, 319, 39, 86, 49, 96).



The shock syndrome observed in cases of acute ferrous sulfate
poisoning has been attributed to ferritin production in the body (317).
Other mechanisms are proposed to explain death in acute poisoning by
the sulfate; rabbits have been injected with ferrous sul fate solution,
autopsied and examined for gross morphological changes. The gastric
mucosa necrosis and hyperanemia following ingestion of large iron
doses may produce a breakdown of normal apoferritin-ferritin control
mechanism, flooding the plasma with iron and mobilizing alpha and
beta globulin acting to protect the ferric iron complex. The
uncombined iron acts directly as a vasodepressant, precipitating
vascular collapse (42). Histochemical studies in rabbits have
suggested that massive iron overload is capable of causing alterations
in several cellular oxidative enzymes, including some in the Krebs
cycle. Citric and lactic acidemia characteristic of acute ferrous
sul fate poisoning could result from damage to Krebs cycle enzymes
demonstrated histochemically (367). This author also reports that
studies of rabbit necrotic liver cells, following large_ injected doses
of ferrous sulfate, under electron microscopy shows considerable
mitochondrial injury, which also suggests a basis for the toxicity of
acute iron overload.

‘Potentiation of iron sulfate absorptTon from aqueous solutions,
tablets and plastic matrices by the addition of ascorbic acid suggests
that the combination would be an improvement in anemia therapy over the
present use of ferrous sulfate without ascorbic acid (210).

The use of British anti-lewisite (BAL) in therapy of a case of
severe ferrous sulfate poisoning with a favorable outcome suggests
its use in future, similar cases (311).

Teratogenicity of salicylates in Wistar rats, evidenced by abnormal
embryos, lacking otoliths, in the animals fed sodium salicylate
is increased by supplementing the salicylate diet with 2 mg of
ferrous gluconate; resorptions and malformations are strikingly increased
(173). -

A study of the side-effects of iron compounds used in iron-deficiency
therapy produced results showing nearly half as many patients receiving
placebos reporting side-effects as those receiving ferrous sulfate
tablets (222 mg Fe) daily. The toleration of oral iron in dosages
usual ly prescribed is low in some patients, who complain of abdominal
swelling, constipation, loose stools and nausea (122).



IRON AMMONIUM CITRATE

Chemical Information

|. Nomenclature

A. Common Names

Ammbnium Ferric Citrate
Ferric Ammonium Citrate
lron Ammonium Citrate

Soluble Ferric Citrate (the brown form)

B. Chemical Names

BGN —

1.

Ammonium Ferric Citrate
2.

Ferric Ammonium Citrate

C. Trade Names

None

D. Chemical Abstracts Services Unique Registry Number

001332985

Il. Empirical Formula

Structure undetermined

I111. Structural Formula

(Compounds of NHz, iron and citric acid)
IV. Molecular Weight

Undetermined

V. Specifications

Contains about 9% NHz, 16.5-18.5% Fe, and about 65% hydrated
citric acid. The NAS/NRC questionnaire provides the following assays:



Ferric ammonium citrate, brown form

Assay (as Fe) 16.5-18.5%

pH (4.5 gm/100 mi HZO) ' 5.5-7.0

Ferrous iron Negative to test
Oxalate ' Negative to test
Sul fate 1000 ppm maximum
Lead _ 10 ppm maximum
Mercury 3 ppm maximum
Arsenic 3 ppm maximum

Ferric ammonium citrate, green form

Assay (as Fe) 14.5-16.0%
pH (4.5 gm/100 mi H,0) 3.3-4.3
Limits of impurities as above for brown form

Vi. Description
A. General Characteristics

_ Reddish-brown granules, garnet-red transparent scales, or brownish-
yellow powder. Odorless or slight NHz odor; saline, ferruginous taste.
The green form, composed of about 7.5% NHz, 14.5-16% Fe, and 75% hydrated
citric acid, appears as transparent scales, pearls, granules or powder;
odorless with mild ferruginous taste. '

B. Physical Properties

Both forms are highly deliquescent and |ight-sensitive; very
soluble in HZ0 and insoluble in alcohol. The green form is readily
reduced to ferrous salt by exposure to light.

C. Stability

Ferric ammonium citrate should be kept well-closed and protected
from light. ’

VII. Analytical Methods

Three methods of analysis of brown ferric ammonium citrate in
syrup form are described and compared by Salazar and Otalora (300).

1. Complexometric method with EDTA (Ethylenediaminetetraacetic acid
sodium salt). EDTA in 0.1 M solution is used to titrate, with
sulphosalycylic acid as indicator, and concentrated HCl. The authors
regard this method as imprecise, probably because the Fe is in chelate
form and acidulation with HC| does not split the complex completely.

2. Method of U. S. Pharmacopeia XII|., The authors modified this
jodometric method by destroying organic matter with 35% Hy05 in
alkaline medium after hydrolysis with concentrated HCl. This method
yields low values for Fe.

o)



3. British Pharmacopeia Method. This method is given in detail
(see report) and is recommended by the authors (300), as modified.

VIII. Occurrence

Ferric ammonium citrate is produced by reaction of black iron
oxide (Fez04) with purified aqueous solution of citric acid and
aqueous ammonia. It is not a true compound and the yield is either the
brown form or green form depending upon the relative quantities of
reactants used.



IRON CARBONATE

Chemical lnformafibn

I. Nomenclature
A. Common Names
1. lron Carbonate
2. Ferrous Carbonate
3. Siderite
B. Chemical Names
1. Ferrous Carbonate
C. Trade Names
Fecarb, Blaud's mass, Vallet's mass

D. Chemical Abstracts Services Unique Registry Number

000563713

Il. Empirical Formula

Fe003

Itl. Structural Formula

Not applicable

IV. Molecular Weight

115.86

V. Specifications

None (C.P. as food supplement)

Vi. Description
A. General Characteristics

Ferrous carbonate occurs in the anhydrous, FeCOs form, consisting

of gray crystals, and a hydrate, FeCOB-HZO which is amorphous.



B. Physical Properties

FeCO3 is insoluble in water: FeCOz.Hy0 only slightly soluble In
water. Both are soluble in acids and aqueous COZ’ and decompose when
heated. :

C. Stability

Ferrous carbonate should be kept in tightly closed containers

Vil. Analytical Methods (Food Chemicals Codex)

General qualitative fests for carbonates and ferrous salts may be
used.

vill. Occurrence

FeCOz occurs in nature as the mineral siderite. For medical purposes

a mixture of 36-41% FeCO3 and honey and sugar is known as Blaud's
mass, Fecarb, or Vallet's mass. “



IRON CHLORI!DE

Chemical Information

Nomenclature
A. Common Names
1. lron Chloride
2. Molysite
3. Lawrencite

B. Chemical Names

1. Ferric Chloride (Molysite)
2. Ferrous Chloride (Lawrencite)

C. Trade games
None™

D. Chemical Abstracts Services Unique Registry Number

007 705 080

Il. Empirical Formula
FeCls (Ferric)
FeCI2 (Ferrous)
I1l. Structural Formula
Not applicable
V. Molecular Weight
FeCl., - 162.22

FeCI2 - 126.76

V. Specifications

None (C.P. as food supplement)

VI. Description

A. General Characteristics

10



FeCl3 occurs as hexagonal, dark leaflets or plates. It is red by
transmitted light, green by reflected light; sometimes appears brownish-
black. The hexahydrate form, FeCI3-6H20 is brownish~yellow or orange
crystalline lumps.

FeCl, occurs as white rhombohedral crystals, sometimes with green
tint. Hydrated forms occur: a dihydrate, FeCl,:2Hp0 consists of
white monoclinic crystals with pale green tint; a tetrahydrate,
FeCl,-4H,0 is pale green to blue-green monoclinic crystals or crystalline
powder.

B. Physical Properties

FeCly is very hygroscopic; melts and volatilizes at about 300°;
bp about §160; very soluble in water, alcohol, ether, acetone; slightly
soluble in CSy; practically insoluble in ethyl acetate. The usual
commercial form is the hexahydrate, which has a slight odor of HCI, is
very hygroscopic and the mp is about 37°. It is readily soluble in
water, alcohol, acetone, and ether.

FeCl,, is very hygroscopic, mp 6740, bp 1023°. It is freely soluble
in water, alcohol and acetone; slightly soluble in benzene; practically
insoluble in ether.

C. Stability

Both ferric and ferrous forms are hygroscopic and unstable and
should be kept well closed.

VIiI. Analytical Methods (Food Chemicals Codex)

General qualitative tests for chlorides and ferric and ferrous
salts may be used.

VIlIi. Occurrence

FeCl, occurs in nature as the mineral molysite.
FeCI2 occurs in nature as the mineral lawrencite.



IRON GLUCONATE

Chemical Information

. Nomenclature
A. Common Names

1. lron Gluconate
2. Ferrous Gluconate

B. Chemical Names
1. Ferrous Gluconate

C. Trade Names

1. Fergon

2. Fertucon

3. Ferronicum .
4. Gluco-Ferrum

5. lromin (Gador)

6. Ilrox

7. Nionate

D. Chemical Abstracts Services Unique Registry Number

000 299 296

It. Empirical Formula

CIZH22F9014-2H20

1. Structural Formula
OH

HOCHZCH—CHCHCHC Fe'2H20

OH OH 0]

IV. Molecular Weight-

482.18

12



V. Specifications

Food Chemicals Codex

Assay Not less than 95.0% of C oHooFe0, ,
' calculated on dried basis
Loss on drying Between 6.5 and 10%
Limits of impurities
Arsenic (as As) Not more than 3 ppm (0.0003%)
Chloride Not more than 700 ppm (0.07%)
Ferric iron Not more than 2%
Lead ' Not more than 10 ppm (0.001%)
- Mercury Not more than 3 ppm (0.0003%)
Oxalic acid Passes test
Reducing sugars Passes test
Sulfate Not more than 0.1%

Vi. Descrip+ion
A. General Characteristics

Yellowish gray or pale greenish yellow; slight odor of caramel
or burnt sugar; acid to litmus.

B. Physical Properties

Occurs as a powder or granules; soluble in water, practically
insoluble in alcohol.

C. Stability

The solid gluconate should be stored in tight containers; aqueous
solutions are stabilized by addition of glucose.

Vil. Analytical Methods (Food Chemicals Codex)

For assay, dissolve about 1.5 grams, accurately weighed, in a
mixture of 75 ml of water and 15 ml of diluted sulfuric acid T.S. in a
300-m! Erlenmeyer flask, and add 250 mg of zinc dust. Close the flask
with a stopper containing a Bunsen valve, allow fo stand at room temperature
for 20 minutes, then filter through a Gooch crucible containing an asbestos
mat coated with a thin layer of zinc dust, and wash the crucible and
contents with 10 ml of diluted sulfuric acid T.S., followed by 10 ml
of water. Add orthophenanthroline T.S., and titrate the filtrate
in the suction flask immediately with 0.1 N ceric sulfate. Perform a
blank determination and make any necessary correction. Each ml of
0.1 N ceric sulfate is equivalent to 44.62 mg of C12H22Fe014.

To identify:

A. To 5 ml of a warm 1 in 10 solution of the sample, add
0.65 ml of glacial acetic acid and 1 ml of freshly distilled phenylhydrazine,
and heat the mixture on a steam bath for 30 minutes. Cool, and scratch
the inner surface of the container with a glass stirring rod. Crystals
of gluconic acid phenylhydrazide form.

13



B. A1 in 20 solution gives positive tests for Ferrous salts.
Vitl. Occurrence

Ferrous gluconate is suitably prepared for medical use by flavoring
with about 20% syrup of orange with 0.3% citric acid added.

14



IRON LACTATE

Chemical Information

I. Nomenclature
A. Common Names

1. lron Lactate
2. Ferrous Lactate

B. Chemical Name
Ferrous Lactate
C. Trade Names
None
D. Chemical Abstracts Services Unique Registry Number

005 905 522

i1. Empirical Formula

Fe(C}HSOS)Z

1. Structural Formula

Not applicable

IV. Molecular Weight

233.99

V. Specifications

None (C.P. as Food supplement)

VI. Description
A. General Characteristics

The trihydrate, Fe(C3H503)2-3H20 is a greenish-white powder or

crystalline mass with a slight characteristic odor and a sweet,
ferruginous taste.



B. Physical Properties
Soluble in water and freely soluble in alkali citrates forming a
green solution; almost insoluble in alcoho!l; exposure to air darkens
Q \ the lactate and renders it less soluble.

C. Stability

Should be kept tightly closed, away from light.

VIl. Analytical Methods (Food Chemicals Codex)

General qualitative tests for ferrous salts and lactate may be
used.
Vill. Occurrence

None

16



Vi.

IRON OX1DE

Chemical Information

Nomenclature
A. Common Names
1. lron Oxide
2. Ferrous Oxide
3. Ferric Oxide
Ferric Sesquioxide
Jewelers Rouge
Hematite '
Magneti te
B. Chemical Names

1. Ferrous Oxide
2. Ferric Oxide

C. Trade Names
Siderac (ferrous-ferric oxide)
D. Chemical Abstracts Services Unique Registry Number
001 345 251 (Ferrous)
001 309 372 (Ferric)
Empirical Formula
FeO (ferrous)
Fez03 (ferric)
Fez0,4 (magnetite)
Structural Formula

Not applicable

Molecular Weight

FeO - 71.85

Fe203 - 159.70

Specifications

None (C.P. as food supplement)

Description

A. Genera! Characteristics

17



Ferrous oxide is a jet-black powder; readily oxidizes in air;
strong base, readily absorbs COZ’

Ferric oxide occurs in three polymorphic forms, designated alpha,
delta and gamma. The color and appearance depend upon the size and shape
of the particles and amount of combined H20; typically red or black.

B. Physical Properties

Ferrous oxide melts at 14200, is insolubie in water and alkalies,
readi ly soluble in acids.

Ferric oxide decomposes at 15600, is insoluble in water, soluble

in H0. An 'active' magnetic form of ferric oxide was manufactured in
Germany in the 1920's under the frade name SIDERAC.

C. Stability

Ferrous oxide should be stored in tightly closed containers.

.

Vii. Analytical Methods

General qualitative tests for Fe may be used.

Vill. Occurrence

Ferric oxide occurs in nature as mineral hematite and magnetite

(Fe304).

18



IRON PHOSPHATE

Chemical

Information

Nomenclature

A. Common Names

1. As minerals:

Ferric Orthophosphate

B. Chemical Name

Ferric Phosphate

C. Trade Names

None

beraunite, cacoxenite, dufrenite,
koninckite, phosphosiderite, strengite
2. lron Phosphate

3. Ferric Phosphate
4

D. Chemical Abstracts Services Unique Registry Number

010 045 871

Empirical Formula

FePO4'xH20

Structural Formula

Not applicable

Molecular Weight

150.82 (anhydride)

Specifications

Food Chemicals Codex
Assay

Loss on ignition
Limits on impurifties
Arsenic (as As)
Fluoride

Lead

Mercury

Not
30
Not

Not
Not
Not
Not

less than

.0% of Fe

more than

more than
more than
more than
more than

26.0% and not more than
32.5%

3 ppm (0.0003%)
50 ppm (0.005%)
10 ppm (0.001%)
3 ppm (0.0003%)



VI. Description
A. General Characteristics

Ferric phosphate is an odorless, yellowish-white to buff powder.
The dihydrate, FePO4:2H70 is white, grayish-white, or light pink
orthorhombic or monoclinic crystals or amorphous powder.

B. Physical Properties

Both forms are insoluble in water, but soluble in mineral acids.
The dihydrate loses water above 140°,

C. Stability

Store in tightly closed containers.

VIi. Analytical Methods (Food Chemicals Codex)

Dissolve 1 gram in 5 ml of dilute hydrochloric acid (1 in 2), and
add an excess of sodium hydroxide T.S. A reddish brown precipitate
forms. Boil the mixture, filter to remove the iron, and strongly
acidify a portion of the filtrate with hydrochloric acid. Cool, mix with
an equal volume of magnesia mixture T.S., and treat with a slight excess
of ammonia T.S. An abundant white precipitate forms. This precipitate,
after being washed, turns greenish yellow when treated with a few drops
of silver nitrate T.S.

Vill. Occurrence

Ferric phosphate may be manufactured by the reaction of ferrous
sulfate, sulfuric acid and sodium chlorate. The ferric sulfate formed
is treated with sodium phosphate dibasic and the resulting ferric
phosphate is filtered, washed thoroughly with water, and dried.



IRON PYROPHOSPHATE

Chemical Information

. Nomenclature
A. Common Names

1. lron Pyrophospha
2. Ferric Pyrophosp

B. Chemical Name
Ferric Pyrophosphate
C. Trade Names

None

te
hate

D. Chemical Abstracts Services Uhique Registry Number

010 058 443
001 332 963 (soluble
11, Empirical Formula

Fe4(PZQ7)3-xH20

i1i. Structural Formula

Not applicable

IV. Molecular Weight

745.22 (anhydrous)

V. Specifications

Food Chemicals Codex
Assay )

Loss on ignition
Limits of impurities
Arsenic (as As)
Lead

Mercury

21

)

Not less than
26.0% of Fe
Not more than

Not more than
Not more than
Not more than

24.0% and not more than
20%
3 ppm (0.0003%)

10 ppm (0.001%)
3 ppm (0.0003%)



VI. Description
A. General Characteristics

The common form of ferric pyrophosphate is the nonahydrate Fe(P207)
9H20. It is a tan or yellowish-white, odorless powder.

B. Physical Properties
Insoluble in wafer, but soluble in mineral acids.
—~C. Stability

Should be stored in well closed containers.

Vil. Analytical Methods (Food Chemicals Codex)

Dissolve 500 mg in 5 ml of dilute hydrochloric acid (1 in 2) and
add an excess of sodium hydroxide T.S. A reddish brown precipitate
forms. Allow the solution to stand for several minutes, and then
filter discarding the first few ml. To 5°ml of the clear filtrate add
| drop of bromophenol blue T.S., and titrate with 1 N hydrochloric
acid to a green color. Add 10 ml of a 1 in 8 solution of zinc sul fate,
and readjust the pH to 3.8 (green color). A white precipitate
forms (distinction from orthophosphates).

VIII. Occurrence

None



IRON, REDUCED

Chemical Information

I.  Nomenclature
A. Common Name
Reduced [ron
B. Chemical Name
I ron, Reduced
C. Trade Names
None
D. Chemical Abstracts Services Unique Registry Number

LY

MX8 011 798 -

I1. Empirical Formula

Fe

i1, Structural Fdrmula

Not applicable

IV. Atomic Weight

55.85

V. Specifications

Food Chemicals Codex

Assay Not less than 26.0% of Fe
Limits of impurities '

Acid-insoluble substances Not more than 1.25%

Arsenic (as As) Not more than 8 ppm (0.0008%)
Lead Not more than 25 ppm (0.0025%)
Mercury Not more than 5 ppm (0.0005%)

VI. Description
A. General Characteristics
Reduced iron is grayish-black, lusterless or only slightly so;

amorphous powder, free of crystalline particles and fine enough to
pass through a 100-mesh sieve.

23



B. Physical Properties

Reduced iron is soluble in dilute mineral acids, producing hydrogen
and forming ferrous salts.

C. Stability

The iron is stable in dry air, but should be kept in well closed
containers.
Vil. Analytical Methods

Qualitative reactions producing hydrogen and ferrous salts which
can be determined may be used.
Viti. Occurrence

lron, reduced is manufactured by heating ferric oxide to a dull
redness in a stream of dry hydrogen; or by decomposition of iron
pentacarbonyl. (A purer form of elemental iron is produced

electrolytically (electrodeposition); both forms are used as food
additives.)

24



IRON SODIUM PYROPHOSPHATE

Chemical Information

I. Nomenclature

A. Common Names
. Sodium lron Pyrophosphate
. lron Sodium Pyrophosphate

1
2
3. Ferric Sodium Pyrophosphate
4, Sodium Ferric Pyrophosphate
B. Chemical Name

1. Ferric Sodium Pyrophosphate
2. Sodium Ferric Pyrophosphate

C. Trade Names

None .

D. Chemical Abstracts Services Unique Registry Number

010 045 871

i1. Empirical Formula

NaBFe4(P207)5-xH20

I'Y. Structural Formula

Not applicable

IV. Molecular Weight

1277.00 (anhydrous)

V. Specifications

Food Chemicals Codex

Assay Not less than

16.0% of Fe

Loss of ignition Not more than
Limits of impurities

Fluoride Not more than

Lead : Not more than

Mercury Not more than

25

14.5% and not more than
8%

50 ppm (0.005%)
10 ppm (0.001%)
3 ppm (0.0003%)



Additional information from the NAS/NRC questionnaire indicates that
a commercial product meets the above specifications plus:

Assay Phosphorous pentoxide 49.3% maximum
Loss on drying 0.5% maximum
pH (5% suspension) 7.2-7.7

Must pass 99.0% minimum through screen, 325 mesh, USS.

Vi. Description
A. General Characteristics
Sodium ferric pyrophosphate is a white to tan, odorless powder.
B. Physical Properties
Insoluble in water, soluble in HCI.

C. Stability

-

Should be stored in well-closed containers.

VIi. Analytical Methods (Food Chemicals Codex)

Dissolve 500 mg in 5 ml of dilute hydrochloric acid (1 in 2), and
add an excess of sodium hydroxide T.S. A reddish brown precipitate
forms. Age the solution for several minutes, and then filter, discarding
the first few ml. To 5 ml of the clear filtrate add 1 drop of
bromophenol blue T.S., and titrate with 1 N hydrochloric acid to a
green color. Add 10 ml of a 1 in 8 solution of zinc sulfate, and
readjust the pH to 3.8 (green color). A white precipitate forms
(distinction from orthophosphates). :

VII1. Occurrence
The commercial pyrophosphate is manufactured from ferrous sulfate;

phosphoric acid from elemental phosphorous; sodium carbonate or hydroxide,
sul furic acid and sodium hypochlorite.
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{RON SULFATE
(Ferric)

Chemical Information

I. Nomenclature
A. Common Names

As Mineral, Coquimbite
Ferric Persul fate
Ferric Sesquisulfate
Ferric Tersul fate

. lron Sul fate

Ul NN -

B. Chemical Name
Ferric Sulfate
C. Trade Names
None

D. Chemical Abstracts Services Unique Registry Number

010 028 225

I1. Empirical Formula

Fe2(504)3

I11}. Structural Formula

Not applicable

IV. Molecular Weight

399.88

V. Specifications
Commercial product usually contains about 20% H,0 and is yellowish
in color. 1t is of little interest as a food additive.
Vi. Description
A. General Characteristics

Grayish-white fto brownish-yellow in color; crystalline or powder.
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B. Physical Properties

Hydrates are very hygroscopic; soluble in cold water but decompose
in hot water; slightly soluble in alcohol, insoluble in acetone and
( \ ethyl acetate.

C. Stability
Tight containers are required for storage and shoul!d be protected
from light.
VII. Analytical Methods (Food Chemicals Codex)

General tests for ferric salts and for sul fates may be used.

VIII. Occurrence

Occurs in nature as the mineral coquimbite.

L]
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I.

IRON SULFATE
(Ferrous)

Chemical Information

Nomenclature
A. Common Names
1. As anhydride minerals:

melanterite
siderotil
szomolnikite
tauriscite

2. As hydrate:

dried ferrous sul fate
exsiccated ferrous sulfate

3. As heptahydrate:

copperas
green vitriol
iron vitriol

B. Chemica! Name

1. Ferrous Sulfate
C. Trade Names

1. As hydrate:

Feromax
Ferro~Gradumet

2. As heptahydrate

Feosol
Fesofor
Haemofort
 ronate
frosul
Presfersul
Sul ferrous

D. Chemical Abstracts Services Unique Registry Number

007 782 630

010 028 214 (Dihydrate)
007 782 630 (Heptahydrate)
007 720 787 (Anhydrous)
977 001 447 (Dried)
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It. Empirical Formula

FeSO4

Iil. Structural Formula

Not applicable

IV. Molecular Weight

151.91

V. Specifications (FeSO4'7H20)

Food Chemicals Codex

Assay Not less than 99.5% and not more than
the equivalent of 104.5% of FeSO,*7H.0

Limits of impurities 472

Arsenic (as As) Not more than 3 ppm (0.0003%)
Lead Not more than 10 ppm (0.001%)
Mercury Not more than 3 ppm (0.0003%)

VI. Description
A. General Characteristics

The hydrate is a white to yellow crystalline powder; the heptahydrate
is blue-green monoclinic crystals or granules. Both are odorless.

B. Physical Properties

The hydrate loses the H O at about 3000, decomposes at higher
temperatures. |t is soluble™in water.

The heptahydrate is efflorescent in dry air, oxidizes in moist air
to form brown coating of basic ferric sulfate. It is soluble in
water, insoluble in alcohol.

C. Stability

Ferrous sulfate should be kept in tightly closed containers, away
from light.

Vilt. Analytical! Methods (Food Chemicals Codex)

A test for ferrous sulfate consists of dissolving about a gram
(accurately weighed) of the sample in 25 ml of diluted sulfuric acid
test solution and 25 ml of recently boiled and cooled water. This
is titrated with 0.1 N potassium permanganate until a permanent
pink color results. Each ml of 0.1 N potassium permanganate is equivalent

to 27.80 mg of FeSO4-7H20.
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Viti. Occurrence

The anhydride occurs in nature as minerals (see Common Names).
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Biologica! Data

('h\ 1. Acute toxicity
Dosage (mg/kg
Substance Animal No. Route Body Wt.) Fe Measurement Ref.
Iron Ammonium Mouse i.v. 16.5 LD50 146
Citrate " Mouse oral 1000.0 LD50 146
Guinea pig oral 350.0 LD50 146
Rabbit oral 560.0 LD50 146
lron Carbonate Mouse oral 3800.0 LD50 146
Guinea pig oral 2000.0 L050 146
Rabbit oral 2220.0 LD50 146
Iron Chloride Mouse i.v. 18.5 LD50 146
(ferric) Mouse oral 599.0 L050 146
Mouse oral 840.0 L050 146
Mouse iov. .049 (mg Fe/g) LD50 149
slowly _
Mouse oral .44 (mg Fe/qg) LD50 149
fphx Guinea pig oral 200.0 LD50 146
“ Rabbit oral 400.0 L050 146
Dog oral 3.75-5 gm* Fatal, 27-30 hrs 146
Dog oral 2.5 gm* Severe illness 146
lron Chloride Rat oral 14.0 Somewhat ill 146
(ferrous) Rat oral 18.0 Somewhat ill 146
Rat oral 28.0 LDSO’ 24 hrs 146
Rat oral 56.0 LDlOO’ 1/2-30 hr 146
Rat rectal 28.0 LD1OO’ 48 hrs 146
Rat rectal 56.0 LDIOO’ 5 min 146
Rabbit oral 168.0 No effect 146
Rabbit oral 224.0 No effect 146
Rabbit oral 252.0 Fatal, 24 hrs 146
Rabbit oral 280.0 Fatal, 24-48 hr 146
Rabbit rectal 280.0 Fatal, 1/2-5 hr 146
Iron Gluconate Mouse oral 101 = 52 LD50 119
Mouse oral 1100.0 LD50 146
' Mouse 55 ov. 23. LDg, 357



a

Dosage (mg/kg

Substance Animal No. Route Body Wt.) Fe Measurement Ref.
Mouse 100 oral 457.4 L050 357
Rat 24 oral 865.0 LD50 357
Guinea pig oral 350.0 LD50 146
Rabbit oral 580.0 LD50 146
Dog 9 oral 46.4 LD50 357

lron Sulfate Mouse oral 900.0 L050 146

(ferrous) Mouse oral 1000.0 LD50 146
Mouse oral 710.0 LD50 146
Mouse i.v. .013 (mg Fe/g) LD50 149

rapidly
Mouse i.v. .028 (mg Fe/g) LDy 149
siowly . .
Mouse i.p. .047 (mg Fe/g) L050 149
Mouse oral .15 (mg Fe/g) LDS'o 149
Mouse 55  i.v. 33.0 LD50 357
Mouse 40 oral 305.0 LD50 357
Rat 24  oral 780.0 LD50 357
Guinea pig oral 300.0 LD50 146
Guinea pig oral 300.0 LD50 146
Guinea pig oral 400.0% Fatal, 18 1/2 hr 146
Guinea pig oral 200.0% Fatal, 1/2 hr 146
Guinea pig oral 400.0% Survived 146
Guinea pig oral 600.0% Fatal 146
Guinea pig oral 800.0* Fatal 146
Rabbit oral 600.0 LD50 146
Rabbit oral 720.0 L050 146
Rabbi+ oral 368.0 ill, survived 146
Rabbit oral 736.0 Fatal 146
Rabbit oral 540.0 ill, survived 146
Rabbit oral 769.0 Fatal, 1 1/2 hr 146
Rabbit oral 1000.0% No ill effects 146
Rabbit oral 1869.0 Fatal 1 hr 146
Rabbit oral 3000.0 Survived, plus 146

33

NaHCOB, 3 gm



Dosage (mg/kg

Substance Animal No. Route Body Wt.) Fe Measurement Ref.
Rabbit oral '4327.0 Fatal, 3-4 hr 146
Rabbit oral 3000.0% Fatal 146
Cat oral 240.0 Survived 146
Dog oral 930.0 ill, survived 146
Dog oral 2000.0% ill, survived 146
" Dog oral 8000.0% Fatal, 26 hr 146
Dog 16 oral 23.5 LDg 357

*¥Total dose as salt

A table of acute iron toxicity in man is shown on page 38.

.

A. lron ammonium citrate

Ferric ammonium citrate has become a common form of iron therapy, with
only a few reported cases of acute toxicity. A young, pregnant woman, hoping
to induce an abortion, was reported in the British Medical Journal in
1950 as having consumed some 15 gm of iron ammonium citrate in whiskey;
she died of toxic hepatitis three days later. An older woman, received
10 gm of iron salt per day for 23 days in treatment for anemia, the
dose was increased to 12.5 gm on the 24th day, whereupon the next morning
she suffered severe vomiting and loss of consciousness, plus additional

toxic symptoms. The therapy was stopped, and the woman gradually recovered
(146).

B. Ilron carbonate
None
C. tlron chlorides

Ferric chloride is of particular interest as the agent reported used
in 4 homicides. As little as 6 gm of the salt proved fatal when taken orally
by an adult male. As far back in time as 1884, a case of attempted
murder with ferric chloride.was recorded (146).

The chloride is listed in the Merck Index as an irritant,
astringent and rarely used internally.

Ferrous chloride has been responsible in Sweden for at least 3
reported cases of toxicity, all very young children. A 2 1/2~-year-old
girl ingested about 20 tablets for a total of more than 5 gms of ferrous
chloride, survived - but was in generally poor condition for some
time; a similar case involved taking twice as much chloride with subsequent
extensive necrosis of the stomach wall. A third case, a 17-month-old
boy who swallowed an unknown number of his mother's anti-anemia iron
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tablets, died in little more than a day later despite hospitalization
and therapy (146).

D. lron gluconate

Weaver et al. studied comparative toxicologies of various iron
compounds including ferrous gluconate. The LD?0 dose, orally for mice
(100) was 3950 mg/kg as the salt, or 457.4 mg/kg of Fe; the LD50 for
rats (24) orally was 7460 mg/kg as salt, 865 mg/kg as Fe; and the LD5O
for dogs (9) was 400 mg/kg as salt, and is greater than 46.4 as Fe by
intravenous injection. . The gluconate administered orally by capsule with
a dose of 400 mg/kg of the salt in five dogs produced emesis in two; a dose
of 800 mg/kg caused emesis in all of five dogs (357).

Ferrous gluconate, shown to be the most readily absorbed form of
ferrous iron salts, produces less gastric disturbance and is widely
used in anemia therapy. Only one report of acute toxicity is found,
even though treatments involving as much as a gram per day over a
period of several months are reported.

Henderson et al. reported a case of a 14 1/2-month-old girl who
ingested about thirty-two ferrous gluconate tablets (0.3 gm), becoming
critically ill. A new specific iron chelating agent, desferrioxamine
was used in therapy. The child recovered virtually completely within
a month after discharge from the hospital (134).

E. lron lactate
None

F. lron oxides
None

G. |lron phosphate
None

H. Iron pyrophosphate
None

I. [lron reduced
None

J. lron sodium pyrophosphate
None

K. lron sulfate, ferric

None

35



L. lron sulfate, ferrous

At present, the use of ferrous iron is widespread, with millions
of iron pills dispensed annually. The tablets (usually ferrous sulfate)
are typically brightly colored and sugar- or chocolate-coated, so that
one is not surprised to learn that of 63 cases of reported poisonings,
accidental and homicidal, of orally ingested ferrous sulfate, 21
children and two adults died (145). A typical case is described by
Curtiss (64). Many of the nonfatal poisonings were of very young
children, who were saved by prompt gastric lavage and supportive
therapy. As few as a dozen or so of ferrous sulfate tablets
proved fatal to a 19-month-old child and as few as eight produced
severe reactions in a 2-year-old. Each tablet of one popular brand
contains 200 mg of FeSOy, with additional 2.6 mg of both copper sulfate
and manganese sulfate. Neither the copper nor the manganese sulfates
have been shown to contribute materially to the toxic action of the
tablets (95). In both animals and humans, fatally poisoned by over-
dosage of iron, postmortem examinations show hemorrhagic gastritis with
edema, leading apparently to fibrous contracture of the pyloric antrum
and subsequent stenosis or blockage of the pylorus (293, 310). James
0. Hoppe et al. who have reviewed the history of iron therapy (145)
suggest that "lack of appreciation of the reality of ferrous sulfate
poisoning by doctors and hospitals makes it necessary 1o emphasize that
ferrous sulfate intoxication may be serious, and that immediate
treatment is essential™. .

Estimates of the human lethal dose of iron preparations are, of
course, difficult if not impossible. In a few instances, accurate
information has been available regarding amounts of ferrous sul fate
ingested, but in general only approximations are possible. Fatal
doses of ferrous sulfate range from 40-1600 mg/kg, with average value
of about 900 mg/kg (146). When this figure is compared with fatal
doses in animal studies, it appears much smaller than those for oral
toxicity values for mice (4500 mg/kg), guinea pig (1500 mg/kg) and
rabbit (3000 mg/kg); figures found for cat (greater than 500 mg/kg) and
dog (800 mg/kg) are quite similar. Special note must be taken of the
fact that the value of the human fatal dose of about 900 mg/kg is
largely based on cases of poisoning of children 2 years-old or younger.

Sommers in a report of the relative oral toxicity of some
therapeutic iron preparations states; "It is reasonable, and probably a
wise precaution, by extrapolation to accept as proved that all similar
iron compounds can, in excessively large doses, kill mammals of any
species, including man. - [+ must, however, be emphasized that toxic
doses really are excessive. The amount of ferrous sul fate necessary
to kill on the average one out of two 10-stone (63.5 kg) men, if man's
susceptibility on a body-weight basis is assumed to be the same as
that of the rabbit, would represent at least several hundred tablets
of 3 gr (0.2 g) of exsiccated ferrous sulfate, each containing 1 gr
(65 mg) of iron. Obviously the number may be considerably smaller for
infants and young children, being reckoned in tens rather than
hundreds.™ (321),

Gimlett reports 3 cases of ferrous sulfate poisoning in children,
one of which was fatal: a 3-year-old boy ingested approximately 80
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tablets containing 24 gm ferrous sulfate, recovered completely in 48
hours following intensive hospital therapy; a 17-month-old girl
ingested an unknown number of 300 mg tablets and recovered also after
48 hours of therapy; a 2-year-old Indian boy ingested an estimated 15
tablets, 300 mg each of ferrous sulfate, therapy was not effective and
the boy died. Nine other similar cases were mentioned, one a fatality (111).

Clinical observations are reported of a 2-year-old boy who swal lowed
40 ferrous sulfate tablets; hospitalized half an hour later and given
intensive therapy, he slowly recovered. Pylioric stenosis a month later
necessitated a gastroenterostomy (42). A similar case, involving a girl
of 21 months who swallowed an unknown number of tablets, is reported
by Wilmers and Herob (365). After ten days of hospitalization with
typical symptoms, a posterior gastrojejunostomy was performed to
relieve pyloric stenosis. The child recovered and later at the age of
nearly 11 years was found to have developed normally. A 2-year-old
boy suffered a similar experience, having ingested 40 tablets. A
gastroenterostomy was performed, with recovery again.

A fatal case of poisoning with fewer than 20, 0.3 g ferrous
sulfate tablets, in a 17-month-old girl is reported by Smith (319).
The symptoms were vomiting, tarry stools, cyanosis and difficulty in
breathing. The autopsy showed necrosis of the pharyngeal mucosa;
bronchopneumonia; necrosis of esophagus, stomach and small intestine;
and swelling of the brain.

Eight cases of ferrous sulfate poisoning are reported by Spencer
(323). He describes the most readily available iron tablets as '"green
sugar-coated pills", each containing ferrous sulfate (3 gr), copper
sulfate (1/25 gr) and manganese sul fate (1/25 gr), with the ferrous
sulfate having the irritating and lethal effects. Four of the
children poisoned recovered; four died. Each case is detailed and
differs from others reported primarily in that the dose of iron was
fairly well estab!ished.

Thomson (342) reports six cases of children having swallowed iron
tablets like those described by Spencer. Two of the children
died. The author suggests treatment in iron poisoning cases by gastric
lavage with aqueous NaHCO3z solution. He further points out, as have
others, that ferrous sulfate is one of the most dangerous drugs
common ly used and must be hidden securely from children. Thomson had
earlier (341) reported two cases, one of whom died. The fatality
resulted from ingesting about 26 tablets; the survivor took only
eight.
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Aldrich (6) describes the clinical features of acute iron toxicity
in children and summarizes 42 case reports from the medical |iterature

in the following table:
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A case report by Smith (317) involving a male child age 21 months
who presumably swallowed about 40 ferrous sul fate tablets and despite
treatment for profound shock expired 4 hours after ingesting the
tablets. Autopsy findings are described and histological appearances
detailed. The role of ferritin in iron absorption and production of
the shock syndrome is discussed.

A fatal case of ferrous sulfate poisoning is reported by Branch (39)
involving a 29-month-old boy who swallowed more than 60 and possibly
up to 75, 300 mg tablets (a dose of about 1.87 gm/kg body weight).
Following gastric lavage he appeared recovered; an hour later he was
readmitted to the hospital, violently ill, and died within one hour,
despite emergency treatment. The characteristics of vomiting,
hematemesis, tarry stools, vasomotor collapse and cyanosis found in
other such cases were present. Postmortem observations included
hemorrhagic gastroenteritis with mucosal slough and submucosa! venous
thromboses.

1

Five cases of ferrous sulfate poisoning in children ranging in
age from 18 months to 3 years are described by Emmanouilides (86).
One patient died, one severely affected and three mildly affected. In
each case, the number of iron pills ingested was not determined. The
clinical picture, pathological findings, pathogenesis, treatment and
prevention of iron poisoning are discussed.

Burrows (49) reports a severe ferrous sulfate poisoning case of a
child 14 months old having swallowed about 20 tablets. After nine
hours of hospital therapy the boy recovered.

Two cases of pyloric obstruction caused by ferrous sulfate
poisoning in infants are reported by Forshall and Rickham (96).
Both infants recovered following a posterior no-loop gastrojejunostomy
in the one case, and a pyloroplasty in the other. A review of similar
cases of pyloric obstruction concludes the report.

Hoyt (152) reports a case, non-fatal, of a child of 19 months
swal lowing about 10 ferrous sulfate pills. She recovered after
hospitalization for 36 hours. The author suggests that the possibility
of poisoning by this widely used drug should be more generally known
to physicians and that physicians and druggists alike, should take
steps to prevent its occurrence.
A brief review of reported ferrous sulfate poisonings is followed
by a typical case history and a discussion of various treatments by
Murphy et al. (238). Again, the dangers of ferrous sulfate are emphasized.

Jaco and Pugh (156) describe a case of a 15-month-old child,
fatal ly poisoned by about 43 'Fersolate' (ferrous sulfate) tablets. A
very detailed postmortem autopsy is included in the report.

A report by Covey (61) is prefaced by a brief review of the
history of ferrous sulfate poisoning, followed by four case histories
of children, one fatal poisoning and three severe cases. The value of
Edathami| calcium disodium EDTA in therapy of iron poisoning is discussed
and compared with various other forms of freatment, e.g. exchange



transfusion; combined chelation; hemodialysis and alkalinization;
intravenous calcium disodium EDTA and hemodialysis; and peritoneal

dialysis.

poisoning are noted:

A fifth

Four phases of reaction fo severe acute ferrous sulfate
hemorrhagic gastroenteritis; delayed profound
shock; liver injury, and gastric obstruction.
cirrhosis due to subfatal Iiver damage, has not as yet (1964) been reported.

possible phase,

Kaplan and Schiliefer (166) describe a typical case of ferrous
sulfate poisoning in an infant of 13 months and recommend adequate
labeling of the drug as a potential poison.

Birk et al. (31) present a case report of acute ferrous sulfate

poisoning in a 26-month-old female infant with complete recovery.

A

brief review of the literature covering the late 1940's and early 1950's
is presented in the following table:
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TREATMENT

==

l RESULT

M T18.0-225 Lavage, 0O, heat, suction, 1V

fluid, blood

TV saline

Lavage, IV fluid, plasma, bloud,
penicillin- .

Lavage, heat, O0,, IV fluid,
caffeine

None .
Heat, milk, Nepenihe, O., atro-
pine, penicillin ’

Lavage, O.. blond, artificial
respiration

Blood, jenicillin
1

Lavage, Na Licarbonate, AIQM
gel, penicil”'n, milk

Lavage, Na bicarbonate, sulfa,
bismuth carbonate

Lavage, MgSO,, IV fluid, peni-
eillin, BAL

Tavage, IV fluid, milk, O.,
penicillin, BAL

Lavage. Na Licarbozate

Coramine, O.. plasma, methyl-
ene biue, IV fluid

Larage, Na bicarbonate, his-
muth carbonate (serum iron:
4 hr,, 3.3 mg.; 3 days, 0.26
mg.)

8aline, bismuth earbonate, vita-
mins,t IV fluid (sernm iron:
415 hr, 3.42 mg.; G Jdays,
0.33 mg.)

Lavagze, bismuth carbonate,
vitamins$ )

None

Saline, vastor oil

Saline

Lavage, <timulants

Castor oil, kaolin

1V tluid, bloed, BAL, Penicillin,
streptomyein, O,, vitamin K.
Amplajel

Lavage, Na bicarbonate, Ne-
penthe, bismuth carbonate

Magnesium hydroxide, bismuth
mist., IV fluid, milk

Bismuth earbonate

Syrup of figs, Iavayze, Na bhi
carbonate, DAL

Syrup of fizs, lavaye, mag:
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Recovered
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Died, 1 hr.
Died, 512 !°
Died, 20 ke
Dicd. 4ot b
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An early (1948) case report of ferrous sulfate poisoning fatality
by Foucar et al. (97) is rather unique in that it involved an adul+t
male, age 26, who ingested accidentally one-quarter pound of the
compound in aqueous suspension. Death occurred within three hours.
Severe gastrointestinal irritation was observed, with death attributed
to shock. There was no evidence, clinical, pathologic or toxicologic -
of absorption of the ferrous sulfate.

Two cases with characteristic symptoms of iron poisoning are
described by Clark et al. (57); one was fatal, the other child
recovered. Where X-rays reveal iron tablets ingested and present
as a group in the intestine, a laparotomy should be considered,
after recovery from the initial shock, to remove the tablets and to
resect necrotic portions of the bowel.

The use of British anti-lewisite (BAL) in therapy of a case of
severe ferrous sulfate poisoning in a 14~month-old white female with
a favorable outcome Is described by Shoss (311). Further therapeutic
trials of BAL in similar cases is suggested by the author.

Il. Short Term Studies .
A. lron ammonium citrate
None

B. lron carbonate

Dogs

Mongrel dogs of either sex, weighing 5-16 kg, were given
commercial preparations of ferrous carbonate, sulfate and gluconate in
a study by D'Arcy and Howard. The dogs were fed daily a regular diet
of dog food, biscuits and tap water, supplemented by the iron salts,
for a period of 14 consecutive days. The animals were sacrificed on
the day following the last dose and sections of stomach and intestine
were examined histologically. Eight of the dogs received doses of
ferrous carbonate varying from 0.125 mg Fe/kg body weight to 1.0 gm/kg.
None showed distress during the experimental treatment nor was there
post-mortem evidence of gastrointestinal damage with the exception of
a single animal slightly affected. Similar treatments with ferrous
sulfate in six dogs resulted in several cases of vomiting and
postmortem damage; the group of six dogs fed the gluconate showed
some discomfort, one vomiting and one showing some gastrointestinal
damage. With the single exception noted, doses of from 0.25 gm
of Fe++/kg to 1.0 gm of Fe++/kg in the form of ferrous carbonate
produced no symptoms of toxicity nor post-mortem evidence of
gastrointestinal damage. The authors also studied the therapeutic value
of the carbonate in ftreating anemic piglets and found it quite
effective (70).
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C. lron chlorides
None
D. Ilron gluconate
Mice

A study has been made of the relative gastrointestinal irritation
produced by the oral ingestion of ferrous gluconate in syrup form and
an iron-carbohydrate complex; the relative therapeutic efficacies were
also observed. LD5g studies in mice were performed by fasting the
mice (numbers and details not given) for about 20-24 hours, then
oral ly intubating the two iron compounds with doses calculated on
mi I ligram/ki logram weight basis. The number of animals dead after
24 hours was observed. The LDgg of ferrous gluconate was 101 + 52
mg/kg; the LDsg of the complex could not be defermlned as the doses
proved to large for oral feeding (119).

The toxicity of ferrous gluconate relative to ferrous sulfate
was studied by administering both salts intravenously or orally in
mice (145). The results indicate a toxicity of ferrous gluconate about
half that of the sulfate, on the basis of the salts; on the basis of
Fe alone, there is little difference when administered intravenously.
The following table summarizes the experiment on mice:

ACUTE TOXICITY OF TERROUS SULFATE (Fes0,-711.0) VERSUS
- FERROUS GLUCONATE (FejCell:0:}:-21L0) IN MICE

LDy = s.c. mg. by,

——

Az Salt - As Fe™
Routcof  No.of :

Compouid Admirniz.  Auimals 24 Hours 7 Days 24 Hours 7 Dayr
Ferrous aullite LY. 30 65 =18 | 51 = 4.6 18 = 1 10.2 = 60
Ferrous gluconate 1.V. 10 1L = 7.6 98 = 6.8 12.5 = 0.9 10.8 = w3
Ferrous sulfate Oral v 1520 = 130 1320 = 130 306 = 26 806 = 2%
Ferrous gluconate Oral 60 8700 = 115 3700 = 143 42y = 17 439 = 17

Rats

Ferrous gluconate toxicity, related to that of ferrous sulfate,
was determined by oral administration in rats, and the LD5g observed.
A low toxicity characterizes the gluconate which ranks only a third
as toxic as the sulfaTe, in salt form, or about half as toxic as
Fe (146).

Thirty animals each were given the sulfate (FeSO,-7H20) or the
gluconate Fe(CuH1104)7+-H20  and observed at 24 hours and at 7
dats. As salt, the LDg5q for the sulfate was 1480 mg/kg; as Fe,
518 mg/kg; for the 7-day LDgg, as salt, 4500 mg/kg; as Fe, 507 mg/kg.

Rabbits
Serum iron levels were estimated in 2 groups of rabbits, seven

in each group, before and affer administering the iron compounds. The
gluconate and the carbohydrate complex were essentially equally effective

in producing a rise in serum iron (119).
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Twelve albino rabbits (1.2-1.5 kg) were made anemic by bleeding
and divided into two groups after serum iron and hemoglobin were
determined: the first group received the iron-carbohydrate complex
in daily doses of 30 mg Fe/kg body weight for three weeks; the second
group received an identical dose of gluconate syrup for the same
period of time. Again, both forms of iron dosage showed nearly similar
increases in serum iron levels and percent of hemoglobin (119),

- Rabbits were used in a study of the local tissue toxicity of
ferrous gluconate and sulfate estimated by the trypan blue irritation
test. A mild irritation is indicated by a faint but discernible blue
color at the site of the injection first of the ferrous salts into
the abdominal skin of the animal, followed by intravenous injection of
10 mg/kg of trypan blue. For the sulfate a concentration in percent, as
salt, of 0.25 showed mild irritation, 0.5 showed moderate irritation, and
1.0 to 2.0 was markedly irritating. For the gluconate, a concentration

of 1.0 was mild, 2.0 was moderate and 4.0-8.0 was markedly irritating
(146).

Cats

The relative toxicities in cats of ferrous gluconate and sulfate
were studied in groups of four animals by oral administration of the
two iron salts (145). The emetic effect of large doses in cats
prevented determination of the LDsg, but the effects of repeated
large doses were observed. Intense gastric irritation prevented estimates
of acute oral toxicity because of prompt and copious vomiting,
though about twice as much gluconate was tolerated over the sulfate
before vomiting occurred. Neither mortality nor cumulative toxicity
in cats resulted from daily oral doses, 5 days a week for 2 weeks,
at excessive doses of 100-1600 mg/kg of the gluconate. Emesis and
diarrhea were observed at all levels of dosage.

Dogs

Comparison of the relative toxicity of ferrous gluconate and
ferrous sulfate in dogs was studied by single oral dosages of the
sul fate ranging from 50-800 mg/kg of the salt and 100-3200 mg/kg
of the gluconate as salt. Emesis was observed only at higher doses,
but diarrhea was noted at all levels. The acute oral median lethal dose
in dogs was estimated to exceed 800 mg/kg of ferrous sulfate, and
more than 3200 mg/kg of the gluconate (146).

Man

The relative therapeutic efficacies of ferrous gluconate in
syrup form, and an iron-carbohydrate complex, by oral ingestion in
selected hospital patients was the subject for several experiments.

Eight normal healthy adults were given the carbohydrate complex
containing 100 mg Fe orally; serum iron was estimated both in the
fasting state and 3 hours after dosage. Fifteen days later an
equivalent amount of the gluconate syrup was given, and serum iron
determined. The percentage rise in the complex was 97.5%, the ferrous
gluconate, 98.5%.

Forty male anemic patients were given orally the syrup and the
complex in separate groups of 20 each in doses of 100 mg Fe daily,
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week ly hemograms were carried out and the two groups compared for
relative therapeutic value. After 4 weeks, the hemoglobin levels
and packed cell volumes were essentially the same.
The authors conclude that inasmuch as the iron-carbohydrate

complex is as biologically effective as the iron salt and far less
apt to produce gastrointestinal upset, the complex is a more desirable
form of iron in therapy (119).

E. lron lactate

None
F. lron oxides

None

G. lron phosphate

None

H. Iron pyrophosphate s
None

}. lron reduced

Rats

Shanas and Boyd (308) have rév1ewed the centuries-old history of
the medicinal use of powdered iron (iron reduced, in modern terminology),
noting its fall from favor with T%e intfroduction in modern times of
numerous iron-containing preparations. The absence of any reference
in the literature to toxicity of reduced iron led to experiments using
albino rats, normal and nonanemic, orally administered reduced iron
powder in groups of 10-15 animals| ‘each, by means of an intragastric
tube. The iron was given as a sus pension in water, in volumes of 75
ml /kg body weight, in doses ranging from 0-200 gm/kg body weight. The
LD5g was found to be 98.6 * 26.7 gm/kg body weight. No animals died
from doses less than 50 gm/kg. Comparison with other iron sources is
shown in the following table: ’

The Median Lethal Dose of Tron Given Orally to Albino Rats zs Various Salts

Preparation : LDgp,2
em/kg
Jron carboliydrate complex 4
Ferious sulfate ‘ 1
Ferrous chloride 1
Ferrous gluconate 1
Ferric chloride ! 0.4
Ferrous fumezrate 0.3
Reduced iron ‘ 100

2The results are cxpress«¢ as ¢lemental iron and are reduced to one significant fizure.
p g 4
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The doses of 100 gm of iron powder/kg or greater produced death
chiefly by obstructing the bowel. Maximum LD5q was at 50 gm/kg in
the rat, which would correspond to a child of 15 kg body weight
ingesting 4000, 200 mg capsules of iron powder. Toxicity-wise,
iron powder would appear the drug of choice in anemia therapy.

J. lron sodium pyrophosphate
None
K. lron squéTe, ferric

None

L. Iron sulfate, ferrous

Mature, female albino mice were given a wide variety of doses of
ferrous sulfate in groups of 5 or 10 animals and the LDsgp determined
for various means of administration of the sulfate. The results
are shown in the following table:

Resuits of the Investigation

of Modifsing 95% -Contidence
Iron Salt 'f\o(;"":":' I;‘;‘gh’:”‘ Boses (mg.Fe/g) and Mortality LD., Level of LD.,
. mg.Fe/g. me.Fe/g.
b Furrous Selhat LV. - 008 05 .o o/s 013 375 017 5/8 013 . 012 — 015
rapidly
2. Ferrous Sulphate R'A — 027 25 .03 4/5 A0 475 049 8/5 028 023 — .035
slowly
" Ferrous Sulph e Lp. — B30 05 042 /5. | 060 4/5 085 5/5 047 038 — .058
4. Jerrous Sulphate LG, _ L6000 2:400 1 121 3710 242 8710 | 483 8710 15 141 — (16
L. Ferrous Sulphate 1.G. Unstarved 21 4710 ) 181 4010 272 6/10 | 408 6/10] .36 25 — .51
6. J ciiom Sulphate LG, NaHCOL LR 121 a8 242 /5 | 484 2/S 968 §/§ 45 29 — 70
7. Furious Sulphate LG, NaHCO, LG. | 199 2/10 282 27101 .39 3/10 | 564 /10 46 30 — .61
8. Ferious Sulphate LG, Dosferal 389 /8 564 0/10].798 4/5 1.128 4/5 75 S5 - 1.0
9. Farous Sulphate 1.G. NT.PA 399 04100 ) 564 27101798 2/10 | 1.128 87100 86 22— 1.03
10. Ferne Chloride LV. -— ..016 /8 028 0/5 {.050 3/5 091 5/8 049 037 — 065
Slowly .
I, Fertic Chloride LG, — 186 1710 335 2710 1.604 8/10 |1.087 10/10 44 300 - 63
LV. = inttavanous
1.P. = intra peritoneal
1.G. = intra gastric
DT.P.A. = Dicthylenetriaminepentac. tate

45



Treatments to reduce the toxicity of the sulfate (and the chloride)
were generally successful, using NaHCO3, deferrioxamine,
diethy lenetriaminepentaacetate (149).

Rabbits

(-\‘ Nineteen female rabbits (about 5 Ibs weight) were given intra-
venously doses of ferrous sulfate of from 50 to 80 mg/kg body weight.
Electron microscope studies showed hepatacellular mitochondrial
injury within four hours of injection; by eight hours considerable
hepatic necrosis was evident and there were indications that iron is
toxic for hepatocellular mitochondria. Mitochondrial damage may be
the basis for the toxicity of acute iron overload (367).

Brown and Gray (42) following observations of a case of a small
boy ingesting 40 ferrous sulfate tablets and recovering after intensive
hospital therapy, performed an experiment in which ten rabbits (1.6-2.2
kg) were injected intravenously with 0.5 mi of ferrous sulfate solution
containing 75 mg of the salt. Four of the test animals died within 24
hours; the remaining animals were sacrificed at 24 hours (1), 2 days (2),
3 days (1), 6 days (1) and 10 days (1). Brain, liver, spleen and '
kidneys were removed and prepared for histological examination. Estimates
were made of plasma proteins and amino acid mitrogen. The minimum
lethal dose appeared to be about 46 mg/kg. The reticulo-endothelial
system was briefly saturated with iron; the liver necrotic;
hypoglobulinemia evident and blood amino acid concentration was increased.

Pigs

iron sulfate, lactate and glycerophosphate were orally administered
(ﬂ*\ in doses ranging from 450 to 600 mg/kg body weight to 8-day-old pigs.
The sulfate and lactate produced behavioral changes, necroses in the
gastric mucosa and distrophic changes in the liver. The glycerophosphate
- appeared to be harmless. The lactate produced emesis and some doses
of the ferrous sulfate were lethal (248).

Dogs

Mongrel dogs of either sex weighing 6-14 kg were fed ferrous
salts (carbonate, sulfate and gluconate) at various dose levels of
the salt compressed into pellets and tablets of commercial preparations.
The results of the initial experiment with seven dogs administered the
chemical pellets are shown below:
Toxic cffects in dogs of oral administration of ferroua salts

Ocecurrence of Fost-mortem evidence of gastro-tatentinal damage in
. . Qeneral —— Pl R s = o ey ——
Body-welght 4 ”‘:‘” (@ rc;m.m condition after | e §
Dog {k!.) . Compoun bo:;;.!:;'wﬁ, tdu::rnmuun %‘ 3 - g g g% _§ g l , % Eg
) . 3 8 3 2 g2’ | 833 I %3 E .!g
i 125 | Ferrous carbonato 15 Normal - — - - . - - ' . —
2 8-4 Yerrous carbonate 1-6 Nonual - - -_ — - - - - .e -
3 9-0 ¥orrous carbonato 1-0 Normaol —-— - - —_ - —_ — | . —
4 . 97 Forrous sulphato 0-6 Severo + + + Rl R S I T BETIE SR R A R
dinrrhaa ‘
' E prosont H
L 11-0 Forrous sulphato 03 Diarthcea + - - ++ ++ T - —
. presont : ,
8 106 Ferrous gluconato 0-76 Normal + -— — +4+4+ 4+ 2+ i + + | % +
t \ l 7 168 Ferrous gluconate ‘ 0-375 Normal + —_ -— i 4 O —
For vomiting, malaise or death, + = occurrod. For post-mortern evidonce of gastre-intestinal damnge, + + - = ervemn ulcoration ; ++ == Wloora-

tion ; 4 = inflanunation, isolatod areas of ulcoration, or both ; 4- == slight infimmmation ; and — = no ovidenve of dainngo.
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Additional studies were performed using the commercial tablets
fed to more than fifty dogs. The tablets contained about 50 mg
ferrous iron each of carbonate; sulfate, 60 mg; gluconate, 39 mg and
succinate, 37 mg.

Examination of stomach tissues and intestine showed variable
cellular necrosis and gastrointestinal pathology, most marked in
ferrous sul fate treatment, somewhat less marked in gluconate and
succinate, and least evident in the carbonate. Preferential use of
the ferrous carbonate in treatment of iron deficiency anemia in
children, particularly - is suggested (69).

The hemodynamic events, leading to shock following acute iron
poisoning, were studied using 10 female mongrel dogs, administered
intra-duodenal ly an LD1gp dose of 225 mg/kg given as a 25% aqueous
solution of ferrous sulfate (7 dogs); 3 dogs were dosed by gastric
intubation. One hour after treatment, serum iron concentration
increased; arterial pH decreased; hematocrit increased.. Other
observations include: early marked reduction in cardiac output;
progressive reduction in total blood volume; increased peripheral
circulation hematocrit. The study suggests a need for restoration
of effective blood volume in early therapy for iron poisoning cases
in humans (362). )

It1. Long Term Studies

None

1V. Special Studies

Teratology

The influence of ferrous gluconate on the teratogenicity of
salicylates was studied using Wistar rats as experimental animals.
Sodium salicylate added to the diet of the rats has been shown to be
an effective teratogen, as well as a chelating agent; abnormal embryos
from rats fed salicylate lack otoliths. When the diet is supplemented
by 2 mg of ferrous gluconate, alone - no abnormal embryos are observed:
when supplementing the salicylate diet, a striking increase in resorptions
and malformations occurs (173),

Pharmacology (therapy)

Hallberg et al. have made a study of the side-effects of various
iron compounds used in iron-deficiency therapy. Some patients do not
tolerate oral iron at dosages usually prescribed, which commonly range
150-300 mg elemental iron daily. Placebos and ferrous sulfate tablets
were compared in one of several series of experiments. The subjects
studied were 1496 blood donors who had not received previous iron
supplements. Each subject received a bottle of tablets labelled
"tron tablets for blood donors" containing a two-week, 3 times a day
supply. Bottles were coded and the iron tablets randomly distributed,
the other subjects receiving pacebos. A group of 393 subjects
received placebo tablets (195 subjects) and ferrous sulfate (198 subjects),
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the daily dose being 222 mg iron. Of a total of 344 subjects who
replied to a guestionnaire requesting information regarding side-
effects, 13.6% had received a placebo and reported side-effects, 4.1%
discontinuing treatment because of presumed reaction; of those receiving
iron tablets, 22.9% reported side-effects with 8.0% discontinuing
treatment. Side-effects reported were abdominal swelling, constipation,
loose stools, and nausea (122).

Carcinogenecity

In"a novel and somewhat unique report, Rommel states; "As a result
of study and treatment | am of the opinion that cancer is an iron-
deficiency disease and can be cured by the administration of iron,
preferably ferrous sulfate." Five case reports of cancerous patients
treated with ferrous sulfate are included. |In his discussion, the
author notes the presence of lowered hemoglobin as a general indication
of tendency toward cancer and recommends the use of ferrous sulfate,
particularly in early stages of cancer detection. "Then cancer can
be prevented and in some cases cured." (291).
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IRON AND IRON SALTS USED IN FOODS

Biochemical Aspects

|. Breakdown

None

1. Absorption - Distribution

Kirksey et al. (176) have reported that iron intake of rats fed
pyridoxine was approximately doubled by oral administration of FeSO
supplements containing 2 mg elemental iron daily during gestation.

Two groups of 10 animals each of Sprague-Dawley female rats, 80 days

of age, each received pyridoxine-deficient diets for 3 weeks prior

to mating, and during gestation. Two other groups received 8 micrograms
pyrodoxine/g of diet for the same period. One of each of the two

groups throughout gestation received daily doses of 1 mi of a solution

of FeSO4:7H,0 in 1% HCl, equivalent to 2 micrograms of elemental iron.
After 21 days of gestation the animals were sacrificed, placenta and
fetus removed. Blood and tissues were analyzed for iron. Ilron
supplementation in the parent animal increased the total iron in maternal
tissues, but the passage of iron from placenta to fetus was not increased.
The mechanism preventing excessive transfer of iron to the fetus is
discussed. h

Fritz et al. (100) have studied the biological availability
of various iron compounds from common dietary sources, with special
attention to those that are, or might be used, for food fortification.
Young chicks and rats were used as test animals, made anemic on a low-
iron diet. Ferrous sulfate was used as a reference standard; the
other compounds were added to the diet in quantities required to
~ furnish the desired iron contribution to the diet. Hemoglobin and
hematocrit determinations were made. Results using iron salts and
ferrous sulfate as reference are shown below:

Comparison of Availability of Iron to Anemic Chicks
and Ancmic Rats

Relative Biological

Vulues
lron Svurce Chicks _ Rats
Ferric gmmonium citrate 115 98
Ferric orthophosphate §1 18 12
Ferric orthophosphate §2 9 12
Ferric orthophosphate §3 12 30
Ferric sutfate 65 100
Ferric oxide 4 6
Ferrous carbonate #4 2 |
Ferrous carbonsite #2 2 0
Verrous carbonute §3 6 0
Ferrous carbonate §4 2 2
Fish protein concentrate 22 53
Reduced iron #1 59 34
Reduced won 52 41 16
Reduced iron 3 66 36
Reduced iron #4 43 37
Sodium iron pyrophosphate #1 2 11
Sodium iron pyrophosphate #2 13 19
Trace mineral mix (commercial) 14 24

« Relative biotagical value = (100 X my Fe/kg from FeSO )/ (mg
Fefkg trom sample) 1o give equal curative cllect.
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Repletion tests were made on 21 iron compounds and on !4 foog
sources of iron. The values obtained with chicks and rats |nCIUQ|ng
data shown by species in the table above are shown in the following

table:

Relative Biological Value of Iron from Various
Dictary Sources
Relative Biological
No. ____ _Valuee
Iron Source Samples  Average Range*
fron Compounds
EDTA, dihydrogen ferrous

salt I 99 97- 100
Ferric animonium citrate | 107 98-115
Ferric choline citrate 1 102
Ferric chloride i | 44 2667
Ferric citrate 1 FAl 70-76
Ferric glycerophosphate 1 9 86-100 -
Ferric pyrophosphate | 35 18-52
Ferric orthophosphate 4 14 7-32
Ferric oxide 1 4 0-6
Ferric sulfate 1 83 65-100
Ferrous ammonium sulfate 1 99 99-100
Ferrous carbonate S 3 0-6
Ferrous chloride 1 98
Ferrous fumarate 1 95 71-133
Ferrous gluconate 1 97
Ferrous sulfute (FeSO,.7TH.0)p | 100
Ferrous sullute, anhydrous 1 100
Ferrous sullate, feed grade 1 100
Ferrous tartrate 1 77 70-83
Reduced iron 6 37 866
Sodium iron pyrophosphate 3 14 2-23
Food and Feed Ingredients
Biscuits with ferrous sulfate I 89 77 100
Blood meal 1 15
Corn meal enrichment mixe ] 46
Corn germ ! 40
Epg yolk | 13
Fnh protein concentrate 2 28 853
Eanched breakfist cereal® i 43
I nsiched lour | 12
Ot Hour ! by
Smectite-vermiculite } H 317
Soybean protein (isoluted) 2 97 0 128
Trace mineral mix )

(commiercial)! 2 12 -2
Wheat germ | 53

* See footnote o, Table 1. % Lowest and highest values are shown
where more than one availubility test was made.  Note that this re.
flects variation both between samples and between repeated determini-
tiony on the same sample,  « Fortiticd with reduced iron. Forrified
with ferrous carbonate.,

In general, the results of these experiments support fhg view
that inorganic iron compounds are better utilized than food iron.

The comparative iron retention of various_iron compou?ds used for
enrichment of bread and flour and the hemoglobin regeneration by anemic
rats was studied by Freeman and Burritl (?8). The.ra+s used were

- distributed among the various groups studied by weight and sex in as
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uniform a manner as possible. Anemia was produced by a milk diet until
the hemoglobin concentration was about 3.0 gm/100 m! of blood. The

fron compounds were administered both as salts mixed with cane sugar,

and as supplemented bread prepared by the American Institute of Baking.
The rats were killed after 28 days of supplemented diet, with hemoglobin
determinations previously made on the 7th, 17th and 28th days. Carcasses
were analyzed for iron content. The results are shown in the following
table:

Iron retration and hemaglobin furmation by anemic rele reeeiving irnu supplements or ires curiched brewd,

———— e e e ——— e — —_

: - '

Law

. WY, v
i e, i ave, i gw Lu. we.l REIATIVE o prar % re
anour SOTRCK 4 pe b BATH [ rEmioe | wrany auiwon|  AVE WM Lol I Kol bt e S
2y I AN o ot SR L TENT e T A
: i T 1 . % . TAIRES
I - . ecmfrs m——— —— — - —— .. - L1 y
: o dewe T gm g gm/fl1oawml.  gm/toeml. | 0,9 m. cr <%
1 ! Ferrie ehloride . Jo r M . 81 ¢ 108 0 307 ' 1065 8.3 . ' )
2 | Perrie ebloride 0 36 ;s | 107 | uo}:.ol 5.12}.‘.""‘" sm}"’s . 100 100 a0
3 | Perrle ehloride 9 a i e | 81, e parl EL sas) 00!
1 . : .
4 | Eadium trm prephesphate 10 i a5 a5 2 i 3.04 4762174 | 26 ] 31D 042 - 27 @me | sne | 321
Y
S | *Dnuble amemnt** andinn H . ' | . i '
i ivom prrophosphate 0-' 3 ° 90 55 ' 297 eax=160 [ 25| zer=o0a3 ! 3m 23 09 | MO
i 1 ! H
¢ | Reduecd iron 01 M oM l 107 l 292 | ARS=O0M) | 08 | s1S=en , 08 | s34 ' ars | 83
i H :
7 | Rodium ferric evtbopapliate | 10 l »_om l 5 | 297. ozexise | o4 | szes0m0 o8| ms | e Lou
8 ; Pl brend 10 ‘ ED) [N e am pamxtaa | "i.al—-gn.i.e._—' " EYTY
9 | Nodivm iron pyraphosplinte i ‘ ' :
| bread " ! Mo om o am M=o | 35| 33zxoe. . 27 | w5 30 | 08
10| Redueed iron heead . n . 0 28 7952161 | 07 ! 488100 o5 | mso Mo . SLO
11 ! Ferric erthaphosphate : . . ! :
l brend 8, 4 2 207 108 830148 | 05 | 5207 04 | sos 92y i 368
12 . Rodism ferrie orthophosph | ! Cot . i
hread L L B B L 1] AG6= 11 ' o8 | Ss9+033 , 03 (¢ ] ; [~ BT % ]
13 : Plain bread N o e . 29 2100 | a9 | 2332038 [@s | =9 | pa ' ae

* Rource of irem compounds (1, 2, 3, &) Mallinckrodt, (4, 5, 9, 12) Vietor Chentieal, (8, 10, 11) Merek & Co,
?C, == C.R. == eritical ratie, ronsidered algnificant when greater than 2 nevording te Fierkher's rulo,

3

The following order of biological effectiveness of the iron
compounds studied resulted from the experiments: FeClz was more
effective than sodium ferric orthophosphate, is equal to ferric
phosphate, is greater than ferrous Fe, is more effective than sodium iron
pyrophosphate. No difference was observed as to whether the iron
was given as the salt, or in the bread.

Hayasi (1939) performed a similar study, but in greater detail,
regarding the body distribution of iron in rabbits. Mature, healthy
Japanese rabbits were fed 0.6 g Fe CO3 daily for 2-35 days, sacrificed,
and organs analyzed for iron content. Spleen, liver, bone marrow,
appendix, colon, lung and kidney showed the greatest accumulation of
iron (129),

An experiment similar to that of Freeman and Burrill was performed

to test comparative biological availabilities of iron compounds in
enriched bread by Blumberg and Arnoid (33). Albino rats of the Sherman
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strain were made anemic by an iron-depletion diet and fed bread containing
various iron salts. The results are shown in the following table:

Responses of vals ta varions soureca and levels of iron.

exoun WREAD et e m‘?:;‘h wr. ..\—:u\\.) b'lbl"l"»l:::.\l‘s(i::‘l;'c mms('l::.'l)‘.\x 3 INITIAL ll)‘..“.\('l“r\ll’:.(:.u’.:::.\l.\‘
Coapound aided T T R o R 1 P e o
. Nome ru/ - e ;u:- .—T;:;:—— I;:Il‘/‘l'"]l. ,;:- .’:Inu” ;u/ clml_u;l;;u_u“ ;:/-;lm- ;l—— —.{.Il" /’l_n: ;nl T -,;,;/ 10 n—d
{(negiative control) i HIH a5 04 h 118 11s 134 RRIX] 0N 22 026 G360 = 0
2 Fepie ortiophosphate sS4 s Kb 36 o0 (R R (A AR) 390 0.9 2 052 3.99 = 0.4
3 Ferriv orthophosphate 210 n e 3 00 U B § I RIS B R 4.0 0.68 = 0.1 5.64 %= 0.6
1 Ferrie orthophosphate 0l U ol 45 1t [T, B G476 TN R EI 2.86 = 051 8.31 = 0.53
5 ].“c-rri(' orthophosphate 1312 10 HE LTI N I S XY 1580 1518 388 499 £ 076 1101 = 0.4
6 Ferrous saulfuie a.23 b 2] ] ] LITRUE § 176 1 BT 1.79 = 0.4 284 > 0.0
h Ferrous sulfate Hl.a'»_ u 11 46 1046 LR RH e 252 250 3.499 350 = 0087 TR 06
8 Perrous anlfate 210 1 R4 ER] 100 s [ kith S0k 357 4.57 = 0.3 D48 6.6
" Ferrous solfate f20 ] (L 46 HIP R i W] 12 405 aNn 381 6.1 == 025 11.62 * 0.5]
10 Ferrie elloride : 0.5 " mi a8 K5 w1 188 228 417 264 22 045 RG2 = 087
i1 Ferrie eblovide 21.0 10 SO i 80 wi oo 11 &rT7 230 383 4.00 2 0.20 037 400
12 Ferroos sulfate .
(positive control) 244.0 7 843 7 1L 1843 2452 B9 D23 £ 055 1153 = 1N

While ferric sulfate and orthophosphate were studied, with the
sul fate appearing to be 4 fo 5 times available as the orthophosphate,
the chief point is made in the observation that the ferric chloride
was equal in biological activity to ferrous sulfate. Attention is drawn
by the authors to the desirability of using highly assimilable forms
of iron in flour and bread enrichment for maximum benefit to the
consumer.

Moeller (229) studied absorption of iron compounds in piglets
using radioactive Fe?? and showed that ferrous salts (ascorbate)
were more readily absorbed than ferric salts (the ammonium citrate),
and that the percentage absorbed w25 inversely related to the size of the
dose. Ascorbic acid (0.25 and 0.5 gm) given before the iron dose
increased its absorption, and daily ascorbic acid (0.5 and 1.0 gm)
given before and during the experiment accelerated the incorporation
of Fe into hemoglobin. Age of animai/absorption of iron was also
studied, but no conclusions drawn,

Pyanovskaya et al. (275) have studied the effects of vegetable
protein, hydrochloric acid and various dosages of iron and copper
sul fates on productivity of fattened swine, noting also the level
of deposited iron and copper in the animal's tissues. Five groups
of pigs, each group uniform as fto age and weight, were fattened from
70 days of age to attainment of 100 kg of live weight. All were fed =
basic diet of cottonseed oil meal, barley, corn, wheat bran and green
alfalfa.



Group I, the control, received a normal diet, generally utilized;
Group || received a larger level of protein (cottonseed oil); Group
Il received additional frace elements in the iron and copper sulfates,
plus an added 2 g of iron and 1 g copper sulfate; Group |V, same diet
as Ill; Group V received a larger dosage of the sulfates. Group [11
also had added hydrochloric acid. After three months one swine from
each group was sacrificed and an analysis of iron and copper in
liver, thyroid gland, spleen and flesh was performed.

From 2 months to 4 months of age, Group |I| receiving large
doses of both iron and copper and hydrochloric acid showed the
greatest increase in weight. Both increased protein content and
iron and copper are needed for optimal diet (fattening). The iron
deposits were greatest in spleen and thyroid, least in the flesh.

Young dogs were fed raw whole milk supplemented with vitamins, Cu
and Mn, resulting in anemia. The addition of 200-1000 gamma of Fe/kg
body weight/day in the form of ferric pyrophosphate to the diet
indicated that a minimum of 600 gamma of Fe was optimal in hemaglobin
formation. lron in excess of 600 gamma resulted in increased plasma
Fe concentration; less than 600 gamma reduced plasma Fe below the
critical 50 gamma of Fe/100 ml of plasma. - Wheat bran and spinach
were fed to supply 600 gamma of Fe/kg body weight/day in place of
the pyrophosphate. The Fe in bran appeared almost completely
available while the Fe in spinach was only 20-40% available (294).

X . 59 .

Several forms of radioactive Fe”~ were given orally to calves
and sheep by Ammerman et al (10) to test the relative utilization of
iron as influenced by the form in which it is given. Fed9 in ferric
chloride, ferric carbonate, ferric oxide and ferrous sulfate was given in
a single oral dose to calves and lambs. Fecal and urinary excretions
were collected, as were blood samples, and the radioactivity measured
with a liquid scintillation detector. Three separate experiments were
performed: six dairy-type steer calves were studied in the first and
second experiments, and 24 wethers in the last. Ranked on the basis of
tissue Fe?9 deposition, the sulfate was most utilized, followed in
decreasing biological value by the carbonate, chloride and oxide,
the latter significantly less effective. The special study of the
chloride showed 3-5 fold more radioactivity from Fe39 than untreated
calves.

Man

Ferrous chloride in the form of syrup and sugar-coated tablets
was administered tc 30 female patients of a Stockholm hospital, the
doses of each form containing 0.15 g Fe**. Initial normal serum iron
concentration was first determined; blood samples were taken at 1, 2,
3 and 5 hours following the iron ingestion and serum iron concentration
determined. The ferrous chloride syrup gave a rapid absorption and hich
serum iron values (249),

The absorption of iron as FeS04 in aqueous solution and tablets or
in a plastic matrix is potentiated by ascorbic acid, as reported in a
study by McCurdé and Dern (210). Male, prisoner volunteers were
administered Fe?5 or Fe39-labeled preparation and the radiocactivity ot
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blood samples was measured by liquid scintillation counter. The doses
of ferrous sulfate varied from 15 to 120 mg; greater potentiation of
ascorbic acid was at 500 mg of added acid. It is suggested that iron
preparations containing ascorbic acid may permit less frequent doses
in iron-deficiency therapy and may refill iron stores in the body
better than iron salts without ascorbic acid.

Schulz and Smith (305) made a study of the influence of certain
liquids and the size of the iron dose on the absorption of iron salts
in normal and anemic infants and children. Ferrous sulfate was given
both with tracer doses of radioactive Fe59 and as nonradiocactive FeSO4.
One cubic centimeter of the dose contained 25 mg of iron. Thirty-four
normal and five iron-deficient infants and children were studied; the
larger single dose tolerated and absorbed well was 30 mg, of which 12%
to 15% was absorbed by normal children when given once or twice a day.
The addition of 180 cc milk or 100 cc orange juice to the iron salt
decreased absorption of iron. lron-deficient infants absorb more
ferrous iron than do normal infants. ’

A method for making comparative studies of the absorbability of
different iron compounds, utilizing two radioiron isotopes, Fe2> and
Fe59 in ferrous and ferric sulfates is described. Alternate doses
of the ferrous and ferric sulfates, of 5 and 20 mg content, were
administered to 62 human subjects and blood samples analyzed for the
Iron isotopes by scintiltation counter. The ferric iron salt used
was Fep(S04)36H0. The absorbability of iron from ferrous and ferric
sul fates was studied at different dosage levels and it was found that
about 3-7 times more iron was absorbed from ferrous sulfate than from
ferric sulfate (41).

The rate of gastrointestinal absorption of oral iron-dextran and
ferrous sul fate was measured in 8 healthy subjects, 7 women and one man,
by Ragen et al. (277). Known amounts of the iron compounds labelled
with radioactive Fe39 were given in a single dose. The ferrous
sul fate solution contained one microcurie of Fe59/50 micrograms of
elemental iron; the iron-dextran, and one microcurie Fe39/354 micrograms
of elemental iron. The stools of the patients were collected for 3
or 4 days, and the radiocactivity measured with a scintillation counter.
The range of absorption of the 50 microgram dose of ferrous sul fate was
29%-88%, an average of 52%; the iron-dextran dose of 354 micrograms
ranged from 37% to 78%, an average of 51%.

Harrill (126) reports the effects of a low iron diet, using bread
fortified with ferrous sulfate or ferric orthophosphate, in 9 young
col lege women, over a period of 28 days. The iron content of food and
feces was determined. The mean intake of iron during a control period
was 5.43 mg; for the sulfate, 12.75 mg; and for the phosphate, 12.40
mg. Four percent of iron from ferrous sulfate bread, and three percent
from the phosphate bread were absorbed by the women, on the average.
Four subjects apparently absorbed none of the iron, and two absorbed
large amounts. There was no significant change in hemoglobin values
during the experiment. Larger amounts of the iron salts in flour
enrichment would be of nutritional value.
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Lapinleimu and Wegelius (193) studied the intestinal absorption of
orally administered iron in infants and children with hypochronic
anemia. The tests were performed on 18 children using ferric sodium
ethylenediaminetetraacetate in doses of 152 mg, and ferrous gluconate,
132 mg. The serum iron values increased in both therapies in the same
range. Additional tests of the therapeutic value of the iron chelate were
performed on 402 children showing results comparable to the gluconate,
but appearing more palatable, and not staining the teeth, as may appear
in gluconate therapy. -

Hoglund and Reizenstein (144) have performed several hundred
absorption studies in 150 persons to determine the local intestinal
factors with major roles in infestinal Fe absorption. The effect of
iron dose and of ascorbic acid, food and iron therapy on radioiron Fe
was studied. -Normal iron absorption values were established in 24
male and 33 female volunteers; food effects were checked in 29 males
and 4 females. All were healthy. Luminal iron concentration and ascorbic
acid were studied in 25 healthy females; 26 males, healthy except for an
iron deficiency were selected in studies of oral iron treatment and
possible intracellular iron concentration increase in intestinal mucosa.
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Four qualities of iron labelled wifh;Fesg were used: ferrous
sulfate, ferrous fumarate and two metallic irons, one of "fine"
particles and one of "course" particles of reduced iron. Reduced iron
is customarily used to enrich flour in Sweden. Bread so enriched was
used in the food studies as was the flour in "porridge".

Iron absorption in the various studies was measured using
radioactive iron and a whole body counter. The diversity and scope of
this study preclude details which may be seen in the papers following
the bibliography of this monograph. The authors (144) summarize their
findings as follows:

1. Since previous studies could not demonstrate that any of
several general plasma factors played a major role in intestinal
iron absorption, local intestinal factors were examined in 240
fron absorption studies on 150 healthy subjects.

2. When the iron dose was increased 40 times, from 0.25 to 10 mg,
the percentage absorption was halved.

3. Trebling the quantity of food (bread) in the intestine did
not significantly decrease absorption.

4, Ascorbic acid in the intestinal lumen trebled the absorption
even of ferrous iron. A stable pharmaceutical combination of
iron and ascorbic acid was tested.

5. Sifted flour did not seem to inhibit the absorption of ferrous
iron, but coarse ground flour did. When fat was added, no
further decrease in absorption was found although iron soaps
may be formed.

6. A further decrease in absorption was found after a complete meal.
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7. When fine grain reduced iron was used to enrich flour (this
is done in all Swedish flour) absorption was 50 percent lower,
and when a coarser grain reduced iron was used 85 percent
lower, than when ferrous sulfate was used for enrichment.

8. When oral iron treatment was given to persons with high iron
absorption, absorption was decreased to normal.

Itl. Metabolism and Excretion

Anemic chicks were fed a basal diet plus 0.1 mg Fe as FeCls,
with and without the presence of small amounts of copper; the iron
stimulates hemoglobin synthesis only in the presence of copper (84).

Anemic chicks were fed a basal diet plus 2 mg Fe in the form of
Feo03, which proved ineffective due to lack of absorption of Fe203 by
the chicks (84). : )

Four groups of adult male rats were given iron compounds by
various routes: one group of 22 rats was given 0.6 mg iron as ferric
ammonium citrate by gastric intubation. ¢The other groups are not
relevant to this report). The animals were sacrificed at varying intervals
from 2 1/2 to 6 hours after ingesting the iron. Cl4-labelled leucine
was injected intraperitoneally two hours before sacrifice. After
killing, the intestine of each rat was removed, the mucosa scraped
off and treated to separate the Cl4-1abelled ferritin whose activity
was determined by a gas-flow Nuclear Chicago Counter. A three-fold
increase over control animals in the synthesis of labelled ferritin
in the intestinal mucosa occurred 4-5 hours after administration of
the ferric ammonium citrate, falling to control levels at 6 hours.
Ferritin protein remained, however, unchanged at the control level
throughout the experiment (317).

Ghosh (109) studied the comparative biological availability
of iron from ferrous sulfate, ferric chloride and ferric orthophosphate
when used to fortify rice, which is a poor source of iron for hemopoiesis.
Rats, six weeks old and anemic (hemoglobin level below 50%), ranging
in body weight from 20 to 30 grams, were divided into 8 groups of
six rats each. Two groups formed the controls, the remaining were
fed iron-fortified rice diets, plus 0.03 mg of copper and weekly
doses of 2 drops of Adexolin. The experimental feeding period lasted
for 4 weeks; weekly hemoglobin determinations were made from blood
samples. The results indicated that the ferric chloride and ferrous
sul fate had a greater hemopoietic effect than the phosphate in
enriched rice grain, with no appreciable difference between the chloride
and the sulfate as hemopoietics.

One of the earliest studies encountered in the preparation of this
monograph is by Bickel (28) who fed rats "Siderac", the magnetic
ferrous-ferric oxide, and ferrous-ferric carbonate in a series of
metabolism studies. The indeterminate nature of the iron compounds
used permits only general conclusions. The iron diet apparently promotes
growth in the animals, but too many variables render the studies of
more historical interest than of scientific value.
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The role of various crystalloidal and colloidal metallic compounds
in nutritional anemia in rats was studied by Keil and Nelson (171). Rats
were made anemic by milk diet and when the hemoglobin had fallen to
3.7 gm/100 cc, 0.50 mg of Fe as FeClz and 0.05 mg Cu as CuSO,-5H,0
were added to the basal diet. Eight weeks later the average hemoglobin
(12 rats) was 402.5% of the anemic level. With 0.10 mg of manganese as
MnSO,-4H20 replacing the copper, no regeneration of hemoglobin occurred.
Iron as a colloid plus copper sulfate was effective, as was ferric
chloride plus colloidal copper, in hemoglobin formation. Use of
both iron and copper in colloidal form were effective. Zinc and
magnesium similarly fed were ineffective. Copper as sulfide, hydroxide,
oxide and iodide are all utilized in the production of hemoglobin.

The site of the action of the iron in acute intestinal iron
poisoning is the subject of papers by Reissmann and Coleman (281) in
which ferrous sulfate, gluconate and chloride were given to dogs and
rabbits. This paper deals principally with the sulfate and with dogs.
Following oral or rectal administration of the iron salts, rapidly
and excessively absorbed iron produced profound metabolic acidosis
with blood pH values as low as 6.7, due mainly to the hydrolysing
effect of ferric ions and partly due to increase in lactic and citric
acid, suggesting possible interference of siron with enzymes in the
Krebs cycle.

Other changes, respiratory and circulatory, observed were
hyperventilation, lowering of blood CO,; and excessive COz output, final
respiratory failure followed by decrease in cardiac output and
eventual failure, capillary congestion and increased permeability
. possibly due to high nonprotein bound serum iron, reduction in plasma
volume and hemoconcentration. No abnormal hemogliobin derivatives
were found.

Mehta et al. (213) studied the changes in serum iron following
ingestion of 150 mg ferrous sulfate. Four groups of patients in a
Bombay, India hospital were treated to observe the effects of anemia
and succinic acid on iron absorption.

Group |: 30 patients, 10 anemic and 20 non-anemic. Blood
samples collected after overnight fasting showed no significant variation
in serum iron.

Group Il: 65 patients, 35 anemic and 30 non-anemic. After
collecting the first blood sample following overnight fasting, 150 mg
ferrous sulfate powder were given and successive blood samples (2, 3
and 4 hours later) tested for serum iron. Maximum rise in serum iron
was at 3 hours. '

Group |11: 75 patients, 45 anemic and 30 non-anemic. Blood
samples were collected in the fasting state and 3 hours affer ingestion
of 150 mg ferrous sulfate. 1In the non-anemic patients the mean rise in

serum iron was 81.8 micrograms/100 ml; in the anemic group the rise
was 157.6 micrograms/100 ml.

Group 1V: 20 patients all anemic were treated similarly to
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Group Ill. Several days later studies were repeated with both the
ferrous sulfate and succinic acid. The mean increase in serum iron was
80.9 micrograms.

Throughout the experiments a number of subjects showed rises in
serum iron of less than 80.0 micrograms which was felt to be
malabsorption of iron. Despite reports that average Indian diets
contain ample iron supplies, the high incidence of non-deficiency
anemia among Indian people suggests malabsorption of iron as a possible
cause of the anemia.

A number of papers on the early uses (1927-28) of iron oxide
(and iron carbonate) in metabolism and growth-promoting studies using
rats, rabbits and dogs are presented here for their historical interest.
Bickel (28) performed numerous feeding studies on rats, with results,
while showing a positive effect of iron oxide on growth, were rather
vague and not reproducible; the composition of the 1ron -compounds
used was not clearly understood. Goldbloom (114), a colleague of
Bickel's, fed rabbits orally "active" and "inactive" iron oxides,
counting red blood corpuscles and concluding that the treatment did
not promote a better "blood picture" in normal, healthy rabbits.
Additional experiments combining iron oxide and radiothorium treatments
were performed, the Carbon/Nitrogen quotient of the urine determined.
Results were unsatisfactory.

Rosenkranz (292), of the same laboratory, fed several dogs active
iron oxide, determined urine nitrogen and carbon, and concluded that
food was better utilized, nitrogen secretion in the urine decreased,
protein oxidation decreased by 14-28%, the carbon secretion in the
urine increased, and the body weight remained constant.

IV. Effects on Enzymes and Other Biochemical Parameters

A study of the metabolic interrelationships between calcium and
iron was performed using young rats fed various diets. A diet of raw
minced beef, supplemented by vitamins A and D, resulted in cessation
of growth and indications of severe calcium deficiency. Adequate or
excessive amounts of calcium carbonate restored appearance of good
health. Diets of the meat either without calcium carbonate or an excess
of carbonate developed anemia. Liberal additions of ferrous carbonate,
regardless of calcium intake presented no signs of iron deficiency;
stainable iron showed invariably in the spleen; the amount of iron
appearing in the liver was inversely related to calcium intake and
directly related to the iron intake (232).

Rehm and Winters (280) have studied the metabolic interrelationships
of iron and the utilization of calcium and phosphorous in rats. Two groups
of rats, six males and six females in each group, matched as to age,
sex and weight were fed different diets. One group received a standard,
artificial dief and the other the same diet supplemented by enough
ferric chloride to combine with half the amount of phosphorous
present in the diet. The animals were weighed at 4-day intervals;
after 3 weeks two rats from each group were sacrificed and analyzed
for total ash, calcium and phosphorous. At one month the experiment was
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terminated. Despite careful control of food intake, the rats on the
unsupp lemented diet made greater gain weights than those receiving ferric
chloride which appears to have a detrimental effect on calcium and
phosphorous metabolism.

Forty New Zealand white female 2 kg rabbits were injected
intravenously with a 25% aqueous solution of FeS04+7H20. Single doses
of 90 mg/kg produced some hepatic necrosis; additional injections of 50
and 90 mg at one and five hours after the first injection produced a
higher incidence of hepatocellular injury. Four animals were sacrificed
at 4 hrs and ten each at 8 and 12 hours following injection. Liver
material was treated and the histochemistry performed to determine
enzyme changes in treated animals. Initially, a number of oxidative
enzymes and glucose-6-phosphatase increased in parenchymal cells,
but then decreased. The disturbance of enzymes involved in the Krebs
cycle; the citric and lactic acidemia observed in acute. ferrous
sulfate overload may serve as a biochemical basis for frequent
unexplained death in acute ferrous sulfate intoxication in man (367).

Adult rhesus male monkeys (8.5 to 9.5 kg), were injected directly
into the testes with ferrous sulfate and ferric chloride solutions
(0.08 m-moles)/kg body weight). Two specimens were used for each of
the two iron salts, and one control was injected with distilled water.
One animal receiving each salt was sacrificed at 7 days, the other at
210 days. The results of the single injection showed an acute,
irreversible degeneration of the testes affecting germinal and endocrine
portions equally. The toxic properties of the ferrous and ferric
salts act on the testes in a manner common to other heavy metal ions.
The gonadotrophin content of the pituitary showed a consistent
increase in the iron-treated animals (167).

Man

The response of 84 cases of hypochronic anemia in hospital
patients to treatment by various forms and dosages of iron compounds
includes the use of ferric ammonium citrate given orally. Blood samples
taken, as a rule, every other day were analyzed for hemoglobin content.
Each patient received individualized treatment with optimal doses of
iron based on satisfactory rates of rise in hemoglobin during treatment.
A dose of about one gram of iron was the maximum administered on a
daily basis. The effects of iron therapy varied widely from one patient
to another. Generally, these patients require prolonged treatment of
months or indefinite duration (133).

Daily ingestion of 5 mg of iron supplement by infants during
their first year (taken orally), beginning at one month of age
produced a statistically significant increase in hemoglobin and
hematocrit levels at three, six and nine months of age. This
di fference, however, at one year of age was not statistically
significant. |+ was concluded that no real medical significance
may be attached to this experiment (89).

Ferrous gluconate, vitamin B12 and ascorbic acid are mutually

incompatible, but may be compounded into stable aqueous oral preparations
using commercial 70% sorbitol solution as a vehicle (107).
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V. Drug Interaction

A tablet containing ferrous sulfate in slow-release form combined
with ascorbic acid was used in treatment of 45 patients, 34 of whom
had straight-forward non-deficiency anemia, 5 had not responded to
previous oral iron preparations, 5 had iron malabsorption and one
woman with menorrhagia, awaiting an hysterectomy. ‘'Ferrograd C'
combines ferrous sulfate 525 mg (equivalent to 105 mg ferrous iron)
and ascorbic acid 500 mg as sodium ascorbate, held in a plastic
matrix for slow release. Each patient received one tablet daily.
Initial hemoglobin concentrations were determined and hemoglobin
estimated at weekly intervals for one month.

In the 34 anemic patients without complications, the average
daily rise in hemoglobin was 0.108 g/100 mi/day. Four of these
patients had very low response, under 0.04 g/100 ml/day.

The five patients not previously responding to iron therapy had
an average hemoglobin rise per day of 0.041 g/100 ml. Of the five
malabsorption-of-iron patients, two responded to the combination of
sulfate plus ascorbic acid.

The patient with menorrhagia increased her hemoglobin dally by
0.04 g/100 ml.

In general, the preparation tested with the ascorbic acid
combined was marginally more effective than ferrous sulfate alone;
the combination appeared more useful in those cases of iron malabsorption,
however (155).

Vil. Consumer Exposure Information

fron, in its elemental form, as reduced or electrolytic iron,
is used as a nutrient and/or dietary supplement, particularly by
addition to flour. The various salts of iron are similarly widely
used. The citrate (iron ammonium citrate) has been cleared for use
as an anti-caking agent in table salt; ferrous gluconate, exempted
from certification, has been listed for use in processing black
olives; ferrous sulfate is most widely used in therapeutic doses
is treatment of anemia. Many vitamin tablets include an iron salt
as a preventative of anemia, but iron is present in most natural
foods, particularly meat and eggs - and to a lesser degree in
plant products.

The following tables were compiled from data submitted by
user firms. Food consumption values for each food category were
derived from the Market Research Corporation of America (MRCA) data
on frequency of eating and from the USDA data on mean portion size
of foods in each food category. The food consumption values thus
derived were coupled with the usage level data obtained in the
surveys to calculate the daily intake of each substance.

Table 2 reports the usage of iron and iron salts and Table 3

their use in infant formulas or baby foods. Table 11 reports the
annual poundage data for iron the various salts. Table 13 reports
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the possible daily intake per food category and total dietary based
on food consumption by fotal sample. Table 14 reports potential
daily intakes in mg of NAS Appendix A substances (Groups 1 and 11)
per food category reported, based on food consumption by eaters only.

61



29

e LM P REHENSIVE . GRAS . SURVEY. ~~ NAS/NRC. 1972 i 1001772

TABLE 2 -— USAGE LEVELS REPCRTED FOR NAS APPENDIX A SUBSTANCES (GROUP I) USED IN REGULAR FOODS(R)

SUSSTANCE NAME FOCD CATEGORY # FIRMS *2% USUAL USE '*%$ *$% MAXIPUM USE #3¢

L SURVEY._KG.) NB. NAFE_ . REPCRTING____ WTD PEAN, 3% NTD MEAN, 2

FERRIL PHOSPHATE C1  BAXED GCGUSUR) * ! - C0693 01029
NAS 035G n2  EBREAK CEALS(R) 3 ; 06385 «12275
02 DYHCR CRAINC(RY - 5 +0C763 01258

05__ MILK PRCCS(R) 5 «C05614 00336

15 CONCH RELSHIR) * « 00100 - 0C100

23  BEV TYYPE I{R) * « 01602 01602
27 _GRAVIES(R) “ - 01090 .01060

28 11T CAIRY(R}. * .C1909 .01509

FIRRIC PYAGPHOSPHATE 02 BREAX CERLS(R) * « 05000 «200C0
NAS 0081 05 MILK PRCDS{R) * 00273 00273
19, __SYEET SAUCE(R) . « 06000 .06C00

22  SHATK EGCODS(R) Y «COCCOo .0cond

23 BeEv TYPE I(R) LI - C0CCO +0CC00

26__RECCHST VEG(R) . 00620 .00520

FERRIC _STNIUM. PYRCPHOS 01 _ BAKED GCCCSIR) * « 02698 T .02098
MAS COCs2 02 EB%CAX CERLS(R) 5 14871 50670
€2 COTHER GRAIN(R) * « 01945 02455

05 _ MILK PRGUSIR) * . .02856 02931

10 MEAT PRODSIR) © , «C0160 .00150

11  PCULTRY(R) - «00%COo 00900

. 13__FISH PRCDS{R) * - 009C0 «00900
19 SWEET SAUCE(R) - * . .163C0 16300

FERRCUS GLUCCNATE 15 CCNDM RELSKH(R) L - 00200 00200

NAS 0083 C

FERRQUS. SULFATE 01 __ SAKEC GCODS(R) 9 « 00441 . ) +00696
NA&S 0CS5 02 GCREAX CERLS(R) * 01155 210721
03 OTHER GRAINIR) - «£02¢C5 »026C0

95 EILK PRCDSIR) * . 00525 »03170

10 MEAT PRCOS(R) » - 001C6 +010460

20 GELATIN PUD{(R) » «01500 01500

23__BEV_TYPE_II(R) » «275C0 . «27500

24 agy TYPE I1(R) * EXT 2L 1 7] . $ELE LR E

34 INS CCF TEALR) % « 00095 «0%£00




€9

—_CCZPREHENSIVE GRAS _SURVEY -~ NES/NRC__1972 10703772

TSSLE 11, PART A == ANNUAL PCUKCAGE CATA FCR NAS APPENDIX A SUBSTANCES (GRCUPS [ € I1)

YCYAL 1970 PCUNCAGE TOTAL
8 _REPCRIS PCUNNAGE _REPORTED_TO_NAS POUNDAGE REPCRYEQ 1970
SUBSTANCE NaME YO NAS {MATCHING REPCRTS FOR BOTH YEARS) REPORTED # REPORTS Y0 FEVL—~ PCUNOAGE
{SURVEY KC.) 196071670 1960 1970 TO NAS TC FEMA 1970 CNLY NAS + FENA
FERRIC PHOSPHATE ' 16/ 20. 1944 200 551,465 651,238 651,238
nas 0720
FERQIC PYROPHOSPHATE . 6 & 250 1,506 1,506 . 1,506
NAS 0581 :
FERTIC SCOIUK PYROPHOS 117 12 . 404,933 4C1,983 402,880 402,88G
MaS_Cn82
FEARLUS SLULCCNATE * » 4y €00 2,200 24200 2,286
tAS_COR) o
=
FERROUS SULFATE 20/ 23 154, 150 414,860 415,630 : 415,630
Kas_ 0035 ’
IRCN%, RECLCED 187 20 185,300 336,705 343,174 343,174
NAS €100
— e CONPRENSNIIVE. CRAS SURVEY_=~=_KAS/NRC_1972 .. . ... .. 10/02/22

e T . et

~=  LSAUI LIVELS RSPORTES FOR NAS APPENDIX A SUBSTANCES (GROUP II) USED IN INFANY FCRMULA PRCDUCYS & BABY FCLDS{E)

MA5 SuAVEY ’ FLLE CATESURY # FIRNS #%8 USUAL USE »%» #4% MAXIYUM UST $8¢
e SLEITALLL. SANE EOa MANE LEICRTING WID FSAN. % UID MEAR, 2
.01 FIRCIC SROIUA PYRIPILS 83 FCRVULASI(B) * .CC534 .0C557
3135 PIALGLS SULFATE 83 FORMULAS(B) 8- .C1034 .01367

Cm e ll30, RISLCED f2__CEREALS(B) * «1CCCO .103C0

83  FORMLLASI(B) : ) «C13C0 .C1300



¥9

. COMPREMENSIVE GRAS SURVEY == NAS/NRC 1972

748LE 13, PART A =— PCSSIBLE DAILY INTAXES CF NAS APPENDIi
DASED_CN_FQCO CONSUMPTICN BY TCTAL SABPLE = — —

D

i

10/02/72

A SUBSTANCES (GROUPS I £ II), PER FCOD CATEGCRY ANC TCTAL CIETARY,y
SEE EXPLANAYORY NCTES IN EXHIBITS SECTICN

e SUBSTANCE NANME FOCD CAYEGCRY 4 OF  ssstssesssanessrsnss  POSSIBLE CAILY INTAKEy MG, #430088sudnins
({SURVEY NO.) NO. NAME FIRNS (AGE) AVERAGE HIGH A HIGH B

FERRCUS SULFATE 02 BREAK CERLS(R) * 0-5 MO, «0693C0 «1963250 T€432¢0
NAS €083 6—12 NMCo 2.575650 6.9C69C0 23.9C7830
12-23 MO. 3.€14550 5.878950 | 21;98!810
2-65+ YR, 2.31€CC0 5.68290C 21045200
— . FERACLS_SULFAIE 03 OTHER GRAIN(R) » . C=5_MC, »01C250 +£34850 -130C00
KAS CC85 6-11 MO. «198850 ] «95863C0 2.5220C0
12-23 M. +»3362C0 = 776950 4,264CC0
2-65+ YR. .5£5900 1.2567CC 7.228CC0
FERROLS SULFATE 05 MILK PRCOCS(R) * 0-5 MQ. «2835CC «210000 1.7118C0
e NAS_OCEE_ 6=11 ¥3. 3.276CC0 154755250 15.738C5C0
12-23 MC. -£61250 $.1560C0 17.2765C0
2-65+ YRe _ 2.C73750 6.3315C0 12.521500
FERRGUS SULFATE 10 MEAY PRODS(R) * -0-5 MO. «C11660 ;030710 «11££0C
NAS €025 ; &-11 MO. «219420 «591480 2.1542C0
12-23 VG, -+32€120 4550140 3.201200
2-65+ YRa < 831C40 1.37$046 g.31c4cl
. _FLRRCUS_SULFAIE 20__GELATIN. PUD(R) *___C-5 MO, -300€00_. +465000 +3€CC03
1AS OCHS 6-11 MC. 1.920000 5.8250C0 1.6208¢0
12=-23 MQ. 2.07CCSO0 5.C4C0G0 2.C7CCCO
2-65+_YR, - 3.C6€C00 7.875000 3.06CC00
FERRQUS SULFATE 23 B8tV TYPE I(R) " LA 0-5 MO. 8.6CCCCO 9.9C0CCO €.60C%CC
*AS_COPS 6=11_¥C, 62.425C00 213.675C00 62.425€C0
12-23 ¥0. 145.C5CCE0 445,0875C00 149.c50CCE
2-65+ YA 28¢€.C6CCCO 763.£75CC0 286.CC0CCCO
FEARCUS SULFATE 5% BEV TYPE II(R) _ *.  G-% rO. TSI IITI LT YT T YT Y B T 1 e 2T T
NAS QCES 6~11 KO. SRS E LIV RER fTI2 2SRRI EL L PR SR ESSEE 2R
;z:za_yg: ‘#t“:’*’*?#‘ RSB BRR B SIS SESBEISRS% IR NE
2~65+ YRo #RFREVRRIIREE FYITITILIIETD SRR BENE
E:R6.0US SULEATE 34 (NS COF TEAIRY _ * - 0-5 KO. .€01960_. .C313%0 .152€C0
LAS CU35 ' 6=-11 MO. «C5C350 0124450 E.088C0C
12-23 MG, +G5E86C0 ¢e212800 5.952C00
2=-65+ YR 1.15C450 2.454300 116.256CC0
FERARCUS SULFATE 83 PORNULAS(B) 8 0-5 MO. 34.711380 63.591000 43.875990
NAS OGBS L 6=11 MC. 7.072580 33.658C60 B.9395€0
12-23 k0. 2274800 «641080 2.8754C0
FERPCUS SULFATE ALL CATEGORIES 23 C~-5 MG. 42.137930 T4.59774C 53.8€6290
hAS CCB85 EREHBRSIEBHREN 6-11 MC. 72.857570 279.441820 128.545550
BHASANBRLEDRIRY 12-23_V0e . 162,389270 . ____472.C91100 216,46411C
2-¢5+¢ YR, T197.954040 ) 464,267020

(RIS ERIE 222 22

202.045660
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o CCHPREMENSIVE GRAS SURVEY == NAS/KRC__1972
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10/02/172

S (GRCUPS I € I1), PER FCOC CATEGCRY AND TOTAL CIETARY,

TABLE 13, PART A ~- PCSSIBLE CAILY INTAKES OF NAS APPENCIX A SUSSTANCE
_ PASED CN_FCOL_CCNSUMPTION BY TCTAL SAMPLE = — - SEE EXPLANATCRY NOTVES IN EXHIEITS SECTICN
SURSTAMCE RAVE FGCD_GAYEGCRY 3 OF__s#sssisssndsssssssss DPOSSIBLE CAILY INTAKE, MG. #¥434344303099

ISURVEY NO.) NC. NAME FIRMS (AGES AVERAGE HIGH £ HIGK ©
T TTTFZRRIC PHOSPRATE 01 BAKED GCGCS{(R) s 0-5 MO, RPELYSTY TE11E50 349570
Nas CSu0 6-11 e 1.76€220 3.589T740 2.011122
- 12-23 ¥Co 3,177€85C 6.223140 S.602¢6C0
2-65+ YH. 9.5¢768C 147123340 14.1C4140
_EERRIC_PHOSSHATE 02 SREAK CERLS(R) 6 £-5 MO. +383160 1.€25450 77250
NAS COS0 €=11 »C. 14.236550 €.1623060 78.711250
12-23 MO. 16.664850 32.499650 23.603750
_2-65+ YR, 12.77¢CC0 33.674300 25.759CCO
FERRIC PHOSPHATE 03 OTHER GRAIN(R) [ ¢-5 *0. .C38150 .129710 .CE29CC
nAS COZ0 _ 6=-11 MC. .74C110 2.182130 1.220260
12=23_FLo 1251320 2.851770 2.06312¢
2-65+ YR. 2.121140 4.694320 3.45724C
FCRAIL _PHOSOMATE ns MILK PRCOSIRY 5 C~5 M0 2331560 2265600 2478440
NAS CCBO €=11 MO. 3.831360 18.426140 5.528640
32-23 KO 3.346300 10.7C2160 4.8267C0
2-45+ YR, 2.4253C0 7.4C4840 3,45579¢
FCRIIC PHOSPHATE 15 CONDM RELSK{R) * C~5 MO, - *esEsdatsnses .CC1060 BERABRETEIENSE
LAS_CO5R £=11 MC. .£C20CC «§22000 .CCBCCD
12-23 MC. .C2€C00 .C76C00 .C26CC0
2-65+ YR. .088CC0 .21200C .CEE0CO
FERRIC PHOSPHATE 23 BEV TYPE I(R) » C-5 NG. .384480 .576720 e .384480
NAS CC30 6-11 KMC. 3.636540 12.447540 3.63654C
12-23 V0. 2.632€4C 26.€32580 §.6E224C
2-€5+ YR, 1. 660800 44.467540 16.66C8CC
. FERIIL_FHOSPHATE 27 _GRAVIES{R) * 0-5 _MO. .£1€9C0 .032708 .C1¢900
HAS 0CR0 . 6-11 mCs -152600 +425100 -152600
12-23 MO  +392400 1.111800 .392400
2-654 YR, +9C4700 2.321700 .9047C0
FERRIC PHOSPHATE 28 IMIT DAIRY(R) s+ C-5 MO -CGCOC0 .0C0G00 .0CCCO0
32§ _Cn8a 6-11 FC. .267260 435070 .267260
12-23 MO. .15272€ < 649C69 152723
2-65+ YR, .171810 286350 .171210
F=RPIC PHCSPHATE ALL CATEGCRIES s -5 ha., 1.383810 7.363030 2.058743
NLS CCBO T 6-11 ¥C. 24.634640 75.714070 42.135670
RREERERIREESRYE 12-23 »0. 34.,265280 8£.192080 55.354130
BAKEARSIARRSIN 2-65+ YR, 44.649710 166.554850 E4.67E410
- FLpk1C PYROPHGSPRATE 02 BREAK CERLSIR) ™ 6-5 MO. ~350CC0 SE5¢200 17286668
Nrs ool &=11 MC. 11.150CC0 2$.9C6000 44.560CCCC
_— 12-23 r0, 13.C5¢CC0 25.45€0C0 52.2CCCC0
3.55+ YR, 1¢.06ECCO 25.5CC500 %0,0CECE0
. F1pn1C PYPRCPHGSPHATE 05 _MILX_PRCGSIR) * 0-5 MO.. .147420 1€9200 .147420
RaS CCul =11 NG, 1.7C3520 §-193730 12763520
12-23 KOC. 1.487650 4.761120 1.4£7850
285+ YR. 1.078350 3,292380 1.078350
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T gLE 13, PART A == PCSSIDLE DAILY INTAXES OF NAS APPENEIX A SUBSTANCES (GRCUPS 1 € 11}y PER FCCD CATEGCRY RAKO TOTAL CIETARY,
R B LK_rOLD CCNSUMPTIGN 8Y TOTAL SAWPLE = = = SEE EXPLANATORY NCTES IN PXHIBLIS SZCTICH

o ———— — S - o ol i e -t
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o _SLeSTANCE NAME FCCD CATEGORY g 0F wesysenstiensasdisss  POSSIBLE DAILY INTAKE, KGo S#ssedissitnss
[SURVEY hO.) NO. NAME FIRMS (AGE) AVERAGE HIGH A HIGH 8
FrREIC RYRCPHCSPHATE 19 SWEET SAUCE(R) * ¢-5 MGe -180C00 - 24C000 L1eCCCE
NAS CO8L &=11 MC. - +540CC0 1.860C00 +5400C3
12-23 MO, 1.56CCCO 4.56006C0 1.560C00
2-65+ YR. 4.ce¢CCC 16.74¢¢C0 4.CECCCl
________ggggjg_gigqggg;guaIE 22 SNACK FCODS(R) » 0-5 MD. BAARRBRHKBRRS »CCCOCO BEEXRRAW EF AN
NAS CC2l 6-11 MO. . CCCCCo - CC0GC0 P doefofols
12-23 ¥0.. .00C0Ce +CCC000 .ccceco
2=65+ YR .GOCCECD .CCocoo _«0CCOCD
FERRIC PYACPFMSPHATE 23 BEY TYPE 1(R) s c-5 MC. -COCLeo +C000CD .0CCLECo
AAS_O6CL 6-11 PCe. .£CCcee «CCRG00 .02CCC0
12-23 *Ce . C00CCY .€L0c00 T.ceeeed
2-65+ YR~ .C00CCOo .CCCeCo .cccecee
FERA1C PYPCPHCSPHATE 26 RECCNST VEGIR) * * 0-5 MO. .occceo - CCC000 .COTCCO
%aS COEY 6-11 MO. +CCCCCo .ccceeo .coceco
12-23_M0, +CCCCO0 -C6COCEC .ceeece
2-65+ YR, .012400 637280 012400
—_— EIp1L PYRCEHUS2HATE ALL CATEGCRIES 6 €-% PO +£€27420 1.1552CC 1.527420
rAS CJEL ALORILIEISREIUE 6-11 MC. 13.3935290 39.952730 46.€43520
SRR ERREREIRS 12-23 %0, 16.C9785C 34.771120 55.247850
SE9BLELIEEANES 2-65+ YR, 15.176750 36.969580 45.176750
________aaaaxc.scc1uz"axananas______nx__nAKEa_cccnsiﬂl_____z___. =5 #0. _ _+713320 ..»544100 -713320
NaSs CoE2 -11 MC. $.32€920C 1€. 867640 5.3z6620
12-23 ¥C. 11.4341CC 13.24C048 11.4241C0
2-£5+ YR 26.784580 42,757240 28.7245¢C
EEARIC SCCIUM PYRCPHOS ¢2 BREAK CERLS(R) 5 0-5 M0. 862240 2.528070 3.04C2C0
- NAS_ L2822 3-11 MC, 33.162330 88.9265¢€0 112.9941¢0C
12-23 »0. ~38.813310 v5.,693390  132.2427C0
2~654 1Re 25.7420C0 77.031780 1C1.34CCCOT
FCRAIC SCLIUM PYRCPHCS 03 CTHER GRAINIR) * c-5 MC. 057250 < 33C4650 L122150
aAS CCE2 &=-11 MC. 1.886650 5.5627CC 2.3813%¢C
12-23 ¥C. 3.1658C0 7.371550 4.C262C0
2-65+ YR. £.4C7100 11.942300 €.€249C0
________EiRRICMSCC1yM_zIROPﬁQS______Di._ELLK_tﬂQDS(R) L 0-5 _MC. 1,542240 1.142400 +5€2740
KAS €C82 - 6-11 PC. 17.821440 £5.7C8560 187285440
12-23 MO. 15.5652C0 49.8C2640 15.573950
2-65+ YR 11.2812€0 34.443360 11.577450
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ZEMPALKEENSIVE CUAS SUSVEY == NASZARC 1972 i 10702772 e
YABLT 13, PSRT A =— PCSSIELE DAILY INTAKES OF NAS APPENDIX A SUBSTANCES (GROUPS 1 & II), PER FCLD CATEGGRY ARC TOTAL DIETARY,
SASED CN _EQOD CONSUNMPTIIONN BY TOTAY SAMPIE = - - SEF EXPLANAYORY NOYES IN EXHIBITS SECYICN ) R
SLASTANCE NAME ECCD_CATECCRY 4_0F sernereasdannusssss  POSSIPLE DAILY INTAKE. MG, 223tk ue8ekdns
LSUAYEY MCL) KO, NAME FIRMS {AGE) AVERAGE HIGH A . HIGH 8
_SIUM PYROPHOS 10 MEAT PRCOSIR} s . =% PC. -C176C0 046400 .C176CC
o2 » 6~11 MC. «331200 . +892800 «3312C0
12-23_r0, «483200 _+B3C400 +4B32C0
2-65+ YR. 1.2544CC 2.0816CC 1.2544C0
EoBSYC SOLILE _PYRPPLNS 11 PCULIYEYLIR]) L] C—5. 4G 2045CCY ~2GT0CC +045CCC
KNA5 £COZ 4-11 ¥T. +351€00 1.143600 - «351CC0
12-22 0. «5S4CC0 1.456C50 . «5%4CCO
2-654_Y3, %l&1CCH 2.552¢CCC 1.1£1CC0
TR scrlL» PYROPHOS 13 FISK PRCDS(R) - 0-% MD. +CCSCCO .€270¢C0 -CCSCCo
ALS_C022 ¢ €=11 NMC, -117CCQ £441C00 .11708¢
12-23 0. «486CC0 1.215CC0C 2426C00
2-£5+ YR, 1.116CCC 2.7810¢€0 1.116080 -
- Frit1f SCRILM PYRCERCS 19 SWEET SAUCE(R) * . (-5 #C. S%485000 .592CC0 ESTCT
rae Lo32 &-11 +C. 1.447CC0 5.053G00 1.4067C
—_ S 12222 M0, 4.23ECO0___ 12.3&8360____ A. z-a:ce
2-¢5+ Yila 11.C24¢CC0 26.177CC0 11.CE4CC0
— _ F:RRIC _STOIUM PYRCPHOS. . 83  FCRPULAS(E) * =5 rC. _17.926380 32.841000___ 18.66849C
LAS cC3z &-11 v0. 3.65256C 17.4C3068 3.ec5EeC
) 12-23 MC. C1.1745C0 331560 1.225400
FZARIC SSSIUM PYRCPHSS 3LL CATEGORIES 14 ¢-%5 ¥C. 21.732¢5¢ 38.718520 74.71€1C0
vAS CCe2 LEBTHEEASAIREE é-11 rC. 64.1181C0 216.C4534C 145.055256C
FREEHLIABRERAT 12-23_¥Q. 75.978410 168.134100 170.7C955C
P TTEY PO Y Y 2-&£5+ YR. 89.83C266. 2€3.166280 163.142310
szncus-::t.uccmnz 15 CCNCM RELSH({R) * €-S MO. YT R LT T +.CC2000 RESRAF R OIFLE
AAS 0C32 &-11 MO, .CleCCOo 044000 +Cl&CCE
12-23_KMC. .£56CC0 .15200C .C5€CCC
2-65% YR. .176CC0 .424cco L 176¢CT
o EINFCUS.SLUCONATE ALL CATEGCRIES ___ 8 C-5 MC. BERLIERLALRLE .CC2¢ BERSRRLSBIDIG
NAS CC83 SHERILHBARERN &~11 MC. .C1eCGC .c44ooo -C18CC0
FCEEVNBIRBEERS 12-23 ¥O. -C56000 +152000 +056CC0
SOOI BRRRRRS - 2=-65¢ YR, «178CC0 «4240C0 «176CCC
_ _FERICUS SULFAYE S1_ BAKED_GCOLSIR) 9 G-5 ¥0. +145949 +192450 2236648
N“ cL2s ¢-11 MC. 1.12C140 2.2543¢0 1.767E€4C
12-23 0. 2.403450 3,568180 3.7632C0

2-65+ YR. 6.C5€520 8.587580 9.549120
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TABLE 14
Food Category Substance # of Flrms Age Average High A High B Very High
Condm Relish Ferrous * 0-5 mo .008 012 .008 012
gluconate 6-11 mo .036 .068 .036 .068
12-23 mo .084 .194 .084 .194
2-65 yr .218 .458 .218 .458
Baked Goods Ferric * 0-5 mo 1.074 3.555 1.593 5.274
phosphate 6-11 mo 1.989 3.777 © 2,950 5.603
12-23 mo 3.805 6.223 5.644 9.231
2-65 yr 9,515 14.130 14.114 20.961
Break Cerls Ferric 6 0-5 mo 3.256 8.492 6.566 17.124
phosphate 6-11 mo 21.134 41.566 42.616 83.816
12-23 mo 18.133 32.819 36.565 66.178
2-65 yr 17.112 35.437 34,505 71.456
Other Grain Ferric 5 0-5 mo 679 1.419 1.120 2.340
phosphate 6-11 mo 1.381 3.166 2.277 5.221
12-23 mo 1.518 3.029 2.503 4.994
2-65 yr 2.609 5.135 4.302 8.466
Condm Relish Ferric * 0-5 mo .004 .006 .004 .006
phosphate 6-11 mo .018 .034 .018 .034
12-23 mo - .042 .097 .042 .097
2-65 yr .109 - 229 .109 .229
Bev Type | Ferric * 0-5 mo 5.223 21.691 5.223 21.691
phosphate 6-11 mo 7.545 16.885 7.545 16.885
12-23 mo 13.008 29.909 13.008 29.909
2-65 yr 22.796 51.088 22.796 51.088
Gravies Ferric * 0-5 mo .120 .229 .120 .229
phosphate 6-11 mo .338 .643 .338 .643
12-23 mo .763 1.526 .763 1.526
2-65 yr 1.450 2.878 1.450 2.878
imit Dairy Ferric * 0-5 mo .000 .000 .000 .000
phosphate 6-11 mo 3.169 3.990 3.169 3.990
12-23 mo 1.584 2.864 1.584 2.864
2-65 yr 1.107 3,245 1.107 3.245
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. TABLE 14

Food Category Substance # of Firms Average High A High B Very High
Break Cerls Ferric 2.550 6.650 10.200 26.600
py rophosphate 16.550 32.550 66.200 130.200

14.200 25.700 56.800 102.800

13,400 27.750 53.600 111.000

Reconst Veg Ferric ——— - -— -—
pyrophosphate -—- -—- - -—

L1112 .186 112 .186

Baked Goods Ferric 3,252 10.763 3.252 10.763
sodium 6.021 11.434 6.021 11.434

py rophos 11.518 18.840 11.518 18.840

28.806 .778 28.806 42,778

Break Cerls Ferric 7.584 778 25.842 67.391
sodium 49,223 810 167.718 329.862-

pyrophos 42,234 437 143,903 260.444

39.854 534 135.796 281.219

Meat Prods Ferric .174 .437 174 .437
sodium .482 .979 .482 - .979

pyrophos 507 .840 .507 .840

1.267 .086 1.267 2.08€

Formulas Ferric 21.515 . 860 22.442 36.361
sodium 15.598 .558 16.270 33.960

pyrophos 19.155 714 19.980 . 41.424

Baked Goods Ferrous mo .684 2.262 1.079 3.570
sul fate mo 1.266 2.403 1.998 3.793

mo 2.421 3.960 3.821 6.250

yr 6.055 8.992 9.556 14.191

Break Cerls Ferrous mo .589 1.536 5.468 14.259
sul fate mo 3.823 7.519 35.487 69.794

mo 3,280 5.937 20.448 55.106

yr 3.095 6.410 28.732 59.502



oL

D

TABLE 14

Food Category Substance # of Flrms Age _; Average High A High B Very High
Meat Prods Ferrous * 0-5 mo .116 .289 1.155 2.894
sulfate 6-11 mo .319 .649 3.191 6.487
12-23 mo .336 .557 3.360 5.565
2-65 yr .840 1.382 8.395 13.822
Gelatin Pud Ferrous * 0-5 mo 3.525 10.830 3.525 10.830
sul fate 6-11 mo 3.435 7.170 3.435 7.170
12-23 mo 3.015 6.225 3.015 6.225
2-65 yr 4,635 9.390 4,635 9.390
Ins Caf Tea Ferrous * 0-5 mo 027 132 2.688 13.344
sul fate 6-11 mo .154 .396 15.552 40.032
12-23 mo .134 .346 - 13.536 34.944
2-65 yr 1.360 2.529 137.376 255.552
Formulas Ferrous 8 0-5 mo 41.660 67.500 52.659 85.321
sul fate 6-11 mo 30.203 36.043 38.178 79.688
12-23 mo 37.090 76.899 46.882 97.202
2-65 yr - - —-— -
Baked Goods | ron, 14 0-5 mo . 388 1.283 .642 2.124
reduced 6-11 mo .718 1.363 1.188 2.256 -
12-23 mo 1.373. 2.245 2.273 3.718
2-65 yr 3.433 5.098 5.684 8.441%
Break Cerls lron, 8 0-5 mo .874 2.280 2.050 5.347
reduced 6-11 mo 5.673 11.158 13.306 26.170
12-23 mo 4,868 8.810 11.417 20.663
2-65 yr 4.594 9.513 10.774 22.311
Qther Grain lron, 8 0-5 mo .264 .552 .347 L7125
reduced 6-11 mo .538 1.233 .706 1.619
12-23 mo .591 1.179 .776 1.548
2-65 yr 1.016 1.999 1.334 2.625
Cereals | ron, * 0-5 mo 15.300 23,500 15.300 23.500
reduced 6-11 mo 15.000 30.500 15.000 30.500
12-23 mo 12.000 18.200 12.000 18.200
2-65 yr -—— -—— -— -—
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TABLE 14
Food Category Substance # of Flrms Age ; Average High A High B Very High
Formulas I ron, * 0-5 mo 52.377 84,864 52.377 84.864
reduced 6-11 mo 37.973 79.261 37.973 79.261
12-23 mo 46.631 96.681 46.631 96.681

2-65 yr
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TABLE 15
Food Category Substance # of Flrms Age Average High A High B Very High
Bev Type | Ferric * 0-5 mo .522 2.166 .522 2.166
chloride 6-11 mo .754 1.686 .754 1.686
' 12-23 mo 1.299 2.987 1.299 2.987
2-65 yr 2.277 5.102 2.277 5.102
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Robert A4, Aldvieh, M.,

ACUTE IRON TOXICI'TY

. Before the past decade, acute toxicity from ingestion of therapeutic

iron preparations was infrequendy reported in the lll(.‘(“(‘:l! ]il(‘l;llllll.'.
In 1947, Forbes [1] drew attention to the occurrence ol ;n'ud('n‘ml poi-
soning of small children by lcrrous sullate in the oral medications
being prescribed for adults. Subsequently ‘thcre h;?\c heen many e
ported cases of iron poisoning, usually by iron sullute 'l.lhlch ot in-
tended for children. Since the mortality rate [rom acute iron poisouing
is approximately 50 per cent, this topic warrants careful consideration.

CASE REPORTS OF ACUTE IRON
TOXICITY IN CHILDREN

The clinical features, epidemiology, pathology, treatment, and preven-
tion of iron poisoning in children have been studied in 12 case reports
from the medical literature [1-23].

Clinical Features

The essential ingredients that lead to acute jron toxicity ave, first.
curious child who is able to walk and, possibly, ¢limb and, second, a
box or bottle of ferrous sulfate tablets. The tablets are gcncu:alh
found on a table, shelf, or in a drawer. The toddler upp;n'cn.(ly lll'l(la
it difficult to resist the lure of tablets that look like candy, and in eating
them he may be trying to emulate his nrother, whom he has nl')scrv;'(l
taking the tablets. Most children will plny. for a moment with the
brightly colored tablets, but others may begin cating lh(‘l_ll‘;llll‘ln'\ll Iun
mediately, especially if they have scen others taking lh(‘l'n. H th(‘.(.u > u%
are covered with chocolate or colored sugar coating, this material nay
be found on the hands, clothes, or tace—thus providing the parent with
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a clue to the type of poison. If the tablets have been well chewed, there
may be pieces of the tablets available for analysis.

The acute iron toxicity syndrome can be divided into four chrono-
logical phases.

First phase—The first symptoms of acute iron poisoning begin ap-
proximately 30-40 minutes after eating the tablets. The child com-
plains of pain or an uncomfortable feeling in the abdomen, and soon
vomits, The vomits often contains a few of the tablets, either frag-
mented or intact, depending on how much they have been chewed. The
color of the stomach contents is brown, but blood may be present. Very
soon the patient becomes irritable and pale, drowsiness develops, and
the pulse weakens. Classical signs and symptoms of cardiovascular col-
lapse intervene, and it is generally at this stage that. hospitalization
occurs. Accompanying this part of the illness, there is nearly always a
diarrhea that is characterized by stools of green or black color and
watery consistency. Respirations have been described in some cases as

resembling the “air hunger” of diabetic acidosis. It is in this first phase -

that approximately one-fifth of all children poisoned with iron expire.
The cardiovascular collapse becomes more profound, and coma leads
to death in less than 6 hours,

Second phase.~—If the patient can be sustained throughout these first
few hours there is almost always some improvement noted, with color,
pulse, respirations, and consciousness approaching normal. The child
often awakens fromy his stupor and recognizes his family and surround-
ings. Vomiting and diarrhea diminish in severity, and the physician
may become unduly optimistic. This improvement lasts approximately
10-14 hours more. Then one of two trends develops: either the child
continues to improve and recovers or he suddenly relapses.

Third phase—Relapse from the course of progressive improvement is
marked by a sudden return to severe and usually irreversible cardio-
vascular collapse. Shock becothes profound, respirations change to
Cheyne-Stokes type, and convulsions are followed by coma and death.
This part of the syndrome takes place approximately 20 hours after the
ingestion of the iron.

Fourth phase-~There is a very late manifestation of this clinical condi-
tion evident in those who recover. Between the end of the first month
and the latter purt of the second month, gastric obsnuctive siggns and
svmptoms from scarring of the stomach appear. Late cicatricial change
occurred in the stomachs of 5 children in this series. Four of the patients

!
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underwent successful surgical repair, but the fifth died from malnutri-
tion and never was in condition for operative intervention.

Epidemiology: Consideration of Data in Table 1
The age incidence among these 42 children seems to be by far the most

significant epidemiologic statistic in table 1. The youngest was an 11- -

month-old infant and the oldest was a 414-year-old preschool child.
However, 34 of the 42 individuals in this group were between the ages
of 12 and 21 months inclusive, a fact that illustrates clearly where four-
filths of the affected population can be located by age. It is of incidental

interest that a 26-year-old man was fatally poisoned with ferrous sul-

fate, but this was not a therapeutic preparation [24]. There was no
significant difference between males and females in the incidence of
iron toxicity, but this may be duc to,the limited age range affected.

With one exception, the children in this series were poisoned by fer-
rous sulfate, and all except two received the iron in tablet form.
Dosages varied greatly, and this range might have been wider if true
dosages could be established in all cases. It is notable from inspection
of the table that there must be other factors that determine suscepti-
bility to the toxic effects of iron, because as little as 4.8 gm. resulted in
death on one occasion [20], but recovery followed ingestion of the rela-
tively huge dose of 15 gm. [16, 20]. The range of dosage in the fatal poi-
sonings was 1.8-18.0 g, whereas lor nonfatal cases it was 1.5-15.0 gm.

Therapeutic measures were chiefly distinguished by their multiplicn}'
and relative incllectiveness. However. it is instructive to read the origi-
nal reports of these cases and follow the rationale of each form of treat-
ment. Shocklike symptoms accompanving cardiovascular collapse were
combatted with plasma, whole blood, or other intravenous fluids,
usually normal saline. Oxvgen was administered to several children in
an effort to overcome poor color and respiratory distress. Systemic
therapy with BAL was attempted in an effort to inactivate the large
amounts of excess iron. Local measures to remove iron from the
stomach and gastrointestinal tract included lavage with -sodium bi-
carbonate to convert the iron to the more insoluble carbonate form.
Magnesium sulfate and bismuth subcarbonate were also used in lavage
fluids. In a few cases cathartics were administered to clear the gastro-
intestinal tract of the offending substance. .\ vitamin and amino-acid
formula devised by Spencer was used in the treatment of some patients
{8, 20]. "The most ellective measures seemed to be those directed toward
overcoming shock duting the fist phase ot the poisoning and removing
the remaining iton from the stomach and gastromtestinal tract.

</
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The duration of the illness after ferrous sulfate ingestion was re-
lated, of course, to whether or not the outcome was fatal. Eight of the
patients died in less than 6 hours. Thus 42 per cent of the fatalities and
19 per cent of the patients in the group succumbed in the first phase.
These deaths were secondary to cardiovascular collapse and irreversible
shock. Another 9 children expired between 20 and 53 hours after in-
gesting the iron. This time interval corresponds to the third phase,
during which 47 per cent of the fatalities occurred. Thus approximately
90 per cent of all deaths from iron poisoning in children occur during
these two distinct clinical phases of this syndrome. The 2 patients that
were not in these groups died at 11 hours and at 16 weeks, the former
from cardiovascular shock and the latter from profound malnutrition
secondary to gastric stricture. There were 5 children who survived the
late complication of scarring and contracture of the stomach following
appropriate surgical intervention between the end of the first month
of their illness and the latter part of the second month. The operative
results seem to have been satisfactory.

For the total group of 42 children there was a mortality rate of 45
per cent, but if one adds to this the 5 patients who underwent major
surgery because of scarring of the stomach and duodenum, the outlook
for a recovery without residue from acute iron poisoning becomes even
more limited. "The final figure on both fatalities and sequelae requiring
major surgery is 57 per cent of all affected patients.

S
Patholdgic Manilestations of Acute Iron Toxicity
Severe necrotizing gastritis occurs in virtually every patient. The mu-
cosal surfaces are hemorrhagic and extensive sloughing is present. 1f
the ingested iron is in the form of enteric coated tablets, segments of

the small bowel develop a severe necrotizing process at various levels -

of the gastrointestinal tract, depending on the site at which the ferrous
sulfate is liberated from the tablet. If enteric coated tablets reach the
jejunal parts without releasing their contents, they probably have not
been chewed. The extensive tissue changes are the result of high con-
centrations ol the jons—{erric. sulfate, chloride, and hydrogen—formed
in the gastric juice. The presence of a strongly acid solution containing
heavy metal ions is likely to produce coagulation of protein and exten-
sive corrosion. Microscopically it is seen that the lesions in the gastric
mucosa are mainly on the tips of the rugae and represent superficial
necrosis amd uleeration, The stomach mucosa is diftuselyv congested and
infiltrated with polymorphonuclear lencoevtes and mononuclear cells.
Platelet thrombi are numerous in the submucosal capillaries and veins,
and special stains demonstrate both ferrous and fervie iron in the super-
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TABLE 1
Acute IroN Toxierry
Agf(momlml Iron ] Dusage tiuken Treatment Durstion of illness Outcome Ref.
B L
30 FeSO, tabs. | 10 . none 53 hours fatal
12 | Fe80), tabs. | G gm. supportive 30 hours fatal 1]
] .
13 . FeSO, tabs. | 6 zm oxygen, lavage, dismissed from
j ‘ transfusicn hespital 8 days recovered fa}
16 FeSUO, tabs. 5 gm, lavage NaHCO, 21 hours fatal
24 FeSO, tabs. ' 1.6 gm. supportive dismissed from )
{ ' hospital 14 days recovered (3}
15 . Fex( i‘ tahs. | 2.6 gm. supportive dismissed 4 days recovered
2 FeSO, tabs, . 16 gm. Oy, transfuse 21 hours " | fatal 4]
2 | FeSt), caps. f “large number”’ | transfuse 48 hours fatal (5]
I8 ; FeSO, tabs. I *‘unknown’’ transfuse dismissed 11 days recovered [6}
19 { FeSO, tabs. i 2.0gm. lavage and
: supportive 36 hours recovered 7]
26 ! FeSO, caps. 13 gm. lavage, Spencer
i formula, BAL, dismissed 6 days recovered 8]
i transfuse ’
15 i‘ FeS80, tabs. B.6 gm. 0, lavage 4 hrs. 15 min. fatal 8]
21 " FeSt), tabs. ’ “anknown’’ ’ lavage surgery in 5 weeks recovered after surgical
24 . FeSO,tabs. | 8.0 gm. . lavage NallCoy, y surgery in 514 weeks repair of scar [10!
54 FeSO, tabs: ‘ 7.2 gm. | vomiting, bismuth “short”’ recovered
. ' I subearh.
19 FeS0), tabs. . 3.0gm. ! lavage with NaHCO, 18 hours recovered (11}
o BAL. .
K] . FenOy tabs, ' 1.5 gm. ' lavage MgSty, dismissed 3 days recovered
29 FeSO,tabs. | “unknown™ . transfusion, v 413 hours fatal [12]
: ) 1S gm. supportive '
15 FeSO, tabs, 6.0 gm. © supportive 48 hours recovered
s FeSO, tabs, 15 gm. plasma, lav. dismissed § days recovered [13}
20 FeSO, tabs. . “unknown” i 0. lavage 413 hours fatal
19 . FeSO), tahs, : “anknown'’ j transfuse :
I ) BAL, support. 40 hours fatal (14}
: oo O U
17 " FeSO, tabs. | ()3 gm. transfuse acute illness for 13 days, | pvloric stenosis recovered
; ' ! surgery on 58th day after surgery {15] -
13 x FeSO¢tabs. | “unknown® plasma, lavage NalC0a | acute-19 days, surgery recovery, postop.
! 45th day.
RN R C e e ’ crm e e e cmvemen | e e e ————n e n m ot ——— e - ——
-3 FeSO, tabs. | 150 gm. saline lavage dismissed 11 days recovered {18}
17 | FeSO, tabs. } 6.0 gm. plasma, met hylum; blue, | 11 hours fatal (17}
I ! supportive
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ficial mucous membrane, connective tissue, basement membrane, and
endothelial lining of these vessels and the lymphatics [9, 19, 23].

Pyloric, duodenal, and small bowel lesions farther along the gastro-
intestinal tract have essentially the same pathology. The lower part of
the ileum and the colon may show ferric and ferrous iron on the mucous
membrane suface, in platelet thrombi, and in the subserosal small
vessels.

The contents of the entire intestinal lumen have usually been de-
scribed as blackish-green or gray, sometimes bloody, material. Mesen-
teric adenitis and thrombosis of the mesenteric veins have also been
described [14].

The liver is also altered by acute iron toxicity. There have been gross
reports of swelling, a “nutmeg” appearance, and small hemorrhagic
areas [19]. Microscopically there is cloudy swelling and hemorrhagic
periportal necrosis. Iron stains of these affected areas show finely dis-
persed iron deposits in portal vein endothelium, Kupffer cells, and peri-
portal reticulum. Published descriptions of changes in the liver tissues
visible under the light microscope do not seem sufficiently specific
to explain the mechanism of death,

The lungs, brain, and kidneys also show edema, cloudy swelling, and
areas of hemorrhage. These nonspecific changes are rather widespread
in all of the viscera, including the heart. It is of interest that patholo-
gists have commented on the flabby state of the myocardium, especially
the right atrium and ventricle [9, 23).

Noncoagulability of the blood at the time of post-morten exargina-
tion has been noted, although there have been no reports of coagulation
studies among survivors of acute iron poisoning [4, 9].

Clinical chemical investigations of individuals sutfering {rom acute
iron toxicity have demonstrated very high plasma iron levels, marked
leucocytosis, increased serum bilirubin values, and low plasma bicar-
bonate. There has been no convincing explanation of any but the first
of these findings.

Experimental Studies and the Pathologic Physiology of

Acute Iron Toxicity
There seems to be no doubt that iron was responsible for the toxic
elfects observed by Forbes [1). ‘The pills that he tested on cats and
guinea pigs contained manganese and copper sulfates as well as ferrous
sulfate. He was able to show that the copper and manganese salts were
without toxic cilect, but that the iron salt produced toxic results very
similar to those he had observed dinically in children who had acci-
dentaily received large amounts of iron,

7

1]
| I I
wlw !l , . ! o
MW R pmzEpEDy 2.z igzs 51 f
oo i i | £
o _"i__”_‘___;__._ ' 5 ;
e -r;! ql-g-:: - A - - - <
R S A A e S A ) 3 '
Y D f2LLELLLE L L L L L L
&~ > 5 Frrrrry o oSrr =2
- - - e~ - e em - - - - - - = H
2.2 PEEEssEE 302 2 =
AN FIrriii % 7 1i: £
1 ] : - - . M
, U e - o S42 L,
xoro R WS- & , EE g s i
o] o . e rTaen = & Frr E
xlz: 2.3zpizss 7 7 £§% R
8,8, B|BEEZsEE £ E zZ:Z : £
T >, TOREE % i
l H
] ! ! : !
=l o= - Sz oz o7 w0 e | % o=z - ;
2 o4 - ) 8 = £ ' % s 2
::: 2 ;;ggg;-_s < >.%'<'-‘-.: 2 :
= = = 3 ] ) 4 - 23 H
B E z g z * z
sA 2 s = 8 =, = Z i
A = = T 2| < | <z3 =
2 5 s B |81 6538 g '3
—-— foe] > =4 - 3
bR =5 = : g
203 Q< - El
s z
x5 e 2 g ]
= 3
{
L b [, -~
>1s] zlsgrozes alalsnel 23
R » w wo®n @ 7] = ~
sz Blg g8 213|858 &%
2 ?:_ @& :g;g;'g'ﬁ' €| @ | 3¢ < |
z Y & 25 3&3 & §_ a2 221¢€
a. = [T -S - -9 g5
g wwoe 2| © g_g X
Bt s =
R &l e EE £
] o - = =
- # w “ [ ;‘vg‘ =
a -]
g 22 |
-4 < =
oy ) —m e ey ey ] ~ -y ey
® | B | gEeER
21 a E-': ERRRCC2ES | | RREE 2»3
N 5557213 TE3
jag ® Pl < ®
2 ae acaAgR | A Sm&io
- ® = 2.8 =] £
E = ® 3 e & o §
e s . =8 a 55
= a s a E
] =4 [+ e a &
g » e = e
() bt c 8 2
- g w @ n
3, 3 &8
a g 3 <
1 ®
— — —
[ o3
BE|B| E E Bl B |E £

panunuo))—1 SI'ISLV.IL




ACUTE IRON TOXICITY . 101

Further studies by Somers demonstrated that very large doses of iron,
well above the normal intake, were required to kill experimental
animals. He also showed that ferrous carbonate was approximately one-
fourth as toxic as ferrous sulfate [25]. Animals treated with a variety
of iron preparations seemed to be made toxic in direct proportion to
the amount of iron that was quickly soluble. This was thought to be
the explanation for the relatively low toxicity of ferrous carbonate, as
compared with ferrous sulfate. Addition of manganese or copper had
no further toxic effects. It can be estimated from these experiments that
several hundred tablets of ferrous sulfate, containing 65 mg. each,
would be required to kill an average man, if the minimum lethal dose
for mice is used as a basis.

Critical reasoning based on an analysis of a relatively large number
of cases of acute iron poisoning in children led Spencer to emphasize
the fact that there is a lack of histologic evidence for liver failure as a
cause of death [20]. He held that many symptoms were better explained
on the basis of intracellulur metabolic disturbances, and offered a
formula of vitamins and amino acids that was designed to support
oxidative mechanisms in the cells and contribute sulfhydryl groupings.
Although some have tried this form of therapy there seemed to be no
significant reduction in the mortality rate.

It has been suggested that the local effects of iron on the gastroin- .

testinal tract might result in the release of unusual amounts of ferritin
[17, 23]. This substance forms an essential part of the “mucosal block”
proposed by Granick for regulating entry of iron into the body from
the lumen of the gastrointestinal tract [26]. It was postulated that the
corrosive changes in the duodenum resulted in destruction of the
smucosal block” and uncontrolled iormation of ferritin, which could
find its way into the circulation. This might cause the severe cardiovas-
cular collapse seen in children since it is known that ferritin is a potent
vasodepressor [27, 28]. Ferritin is also formed in liver, and additional
amounts of ferritin could conceivably come from this site if large iron
concentrations were allowed to reach the liver.

This concept was weakened when it was shown that destructive
changes in the mucosal surfaces of the gastrointestinal tract were not
necessary conditions for uncontrolled iron absorption. Dissociable iron
salts rapidly cross the histologically intact intestinal mucosa of animals
in amounts sullicient to cause severe intoxication and simulate the acute
iron toxicits of children [29, 301, Very high serum iron levels were
reached within an hour alter the ivon salis were administered, and it
was determined that the iron was, lor the most part, in a terric state
and nondialyzable. A deep metabolic acidosis accompanied by low
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pH values of the blood was observed, and because of an increase in
Jactic and citric acid it was proposed that there might be interference
with the enzymes of the Krebs cycle. Blood carbon dioxide content was
also lowered, and there was a characteristic increase in respiratory rate
associated with metabolic acidosis. Cardiac output decreased as venous
return was diminished, but blood pressure was maintained satisfac-
torily by arteriolar constriction until the final stages. The pulmonary
changes that were noted seemed to be secondary to a capillary hemor-
rhagic tendency. A check for methemoglobin was negative. Sulfate ions
may be an important factor in ferrous sulfate toxicity. This has been
suggested [24], but further studies of this aspect have not been made.

Treatment and Prevention

It was apparent that treatment for acute iron poisoning in this group
of cases left much to be desired. The following meusures provide a
logical plan of management.

1. Rid the stomach of ils contents—This may be done by inducing
emesis and following with a thorough lavage, using a large-diameter
tube that will allow undissolved tablets to be aspirated. The use of
sodium bicarbonate for purposes of lavage may be helpful because it
will reduce gastric acidity and may convert the iron to a less soluble
state (ferrous carbonate). b

2. Institute jmmediate measures to overcome shock.—Whole blood,
plasma, or blood substitutes, such as dextran, are most useflul during the
first phase, and should be given in ‘sufficient amounts Lo overcome
cardiovascular collapse during the first few hours.

8. Institute specific steps to neutralize or combine the iron remaining
in the gastrointestinal tract and tissues—The study of the use of chelat-
ing agents in iron poisoning has not been published. In a recent experi-
ence with this form of therapy [32], there was a gratifying outcome.
The use of BAL is controversial, and only a few patients have received
it. Exchange blood transfusions have heen suggested, and so has use of
the artificial kidney. It is important, when considering the latter
method, to remember that a large part of the iron in the serum remains
in the ferric state and cmnot be diadyzed [29, 30]. ‘The use of cathartics
and, purti(‘ul:lrly. enemas may be helpful sinee it is known that the iron
may continue to bhe absorbed from the Large bowel [29, 30).

4. Other practical measures-=A llat plae of the abdomen may give
important indication of the number of tablets ingested, since iron
tablets are radio opaque. It is conceivable that a large zu'('m!uilxuiuu of
wblets in an isolated segment of the bowel might be rei lhied by surgical
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intervention. Other supportive measures, including the use of oxygen,
are important, but they are not substitutes for the above actions [31].

The best way to prevent acute iron poisoning in children is to warn
parents of the hazard to their children, when the iron tablets are pre-
scribed. It would be useful if tablets prescribed to pregnant women
were allocated in small numbers rather than large prescriptions of a
hundred tablets or more. Similarly, if iron tablets were packaged in
tight wrappings the small child might be either delayed in opening the
package or discouraged from eating a large number of tablets. Large
prescriptions of iron tablets to every blood-bank donor should be dis-
couraged unless proper warning accompanies the prescription. Finally,
all medicines in the home should be carefully locked in a medicine
cabinet inaccessible to children.

CONCLUSIONS

The fact that iron is an effective therapeutic agent in certain human
disorders has led to its widespread prescription, usually. as ferrous sul-
fate tablets. These tablets are attractive to small children between
the ages of 2 and 4 years, and of the children poisoned by accidental
ingestion of ferrous sulfate, 50 per cent have died.

Iron is rapidly absorbed in the gastrointestinal tract whether there is
cxtensive injury to the bowel or not, and following absorption there is
a'very high level of serum iron with associated metabolic changes,
probably secondary to intracellular effects. Death from iron poisoning
is due to severe cardiovascular collapse. Treatment should be directed
at overcoming shock and neutralizing or combining the iron remaining
in the tissues and gastrointestinal tract.
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UTILIZATION OF INORGANIC IRON BY RUMINANTS AS

INFLUENCED BY FORM OF IRON AND IRON

STATUS OF THE,ANIMAL }

'C. B, AMuERMAN. J. M \\1\(‘. B G. Duxavaxt, W. K! ROBERTSON,

oy
e | J. l‘\ﬂ

FEASTER \\n L. R::\mu\c'rov-

University of Flnrlda, Gaincsville ®

Rl MINANTS respond to supplemental
iron under certain feeding conditions.
Calves may be deficient in iron at birth
tHibbs ¢ al., 1961). and iron-deficiency
anemia -has occured in calves when diets
based on whole milk were fed (Thomas ¢! al.,
1034: Blaxter ¢t al., 1957: Matrone ¢t al.,
1937: Roy ¢t al., 1964). In each study cited,
anemia was alleviated by iron supplementa-
tion. Forages grown on certain types of soil
may not contain sufficient iron to promote
normal hemoglobin formation. Becker and
Henderson (1940) and Becker ¢f al. (1965)
reported that supplementation with iron cor-
rected anemia occurring among grazing cattle
in certain areas of Florida. In the same state
milk vield was significantly reduced in dairy
cows grazing newly developed pastures. but
was maintained when cows-were supplemented
with iron (Wing and Ammerman. 1963).

Various forms of inorganic iron have been
used as supplementary sources. but tests of
comparative availability for ruminants have
nut been conducted. The present study was
designed 10 compare the relative biological
availability to ruminants of iron in ferric
uxide (Fe.O.i. ferric chloride (FeCl:). fer-
rus carbonate (FeCOy) and ferrous suliate
+Fe>0,;-XH.01. and to determine the influ-
ence oi body iron stores on the absorption of
orally administered radioactive iron.

Experimental

Ir a series of three experiments radioactive
iron in the form of ferric uaide. ferric chloride.
ferrous carbonate or ferrous sulfate was ziven
a~ a -incle ural dose to calves and Jlambz. The
radicactive ferric oxide used in Experiment
was pr(pared from Fe* ferric chloride. and
that used in Experiments 11 and [T and
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the carbonate and sulfate sources for Experi-
ment 111 were obtained from a commercial
laboratory. All animals were given a 4-day
adjustment period in metabolism stalls be-
fore they were dosed with labeled iron.
The labeled iron compounds were admin-
istered by capsule just prior to a morning

feeding. Ferric chloride was given in dilute

HCl, and the three other forms of iron were
given as the dryv chemical. After the animals

-were dosed with labeled iron, total fecal and

urinary excretions were collected, and blood
samples were obtained by jugular puncture at
varving intervals throughout the observation
period. Hemoglobin was determined by the
method of Cohen and Smith (1919) and tissue
iron by the method of Sideris (1942).

All animals were slaughtered and the liver,
heart. kidneys. spleen, and first and second
ribs were measured for isotope content. Total
iron also was determined in Experiment 1. In
the first two experiments samples were meas-
ured for radioactivity with a sodium iodide
crystal well-tvpe scintillation counter. Dry
samples of feces and tissues were ashed at
600° C. and dissolved with dilute HCl. Radio-
activity was determined in the urine as col-
lected and in the blood serum following sepa-
ration from the red blood cells. The red blood
cells were prepared for counting by washing
three times with an equal volume of physio-
logical saline. In Experiment I11 all samples
were measured for radioactivity with a 4 Pi
liquid scintillation detector. The detector had
a sample chamber 11.5 cm. in diameter by
30.4 cm. in length which permitted whole
organs 1o be counted.

Data ohiained were examined for signifi-
cant differences by analysis of variance.

Expcriment 1. Six dairy-type steer calves.
referred to as iron- do:pleled were fed from
birth whole milk <upplemenled with the fol-
lowing minerals expressed in milligrams per
head daily: cobalt, 1: copper, 10, manganese.
25: zinc. 25 and iodine. 1. After 56 days the
salid content of the dict was increased to 18°+
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9y addition of dry milk solids-not-fat. In ad-
dition 220 1.U. of vitamin A, 511 1.U. of vita-
min D, 44 mg. of sodium chloride and 13 mg.
>f magnesium were fed daily per kilogram of
sodyweight. Three similar calves not de-
dleted of their iron stores were fed a standard
mixed ration with hay or pasture. Seven days
sefore the radioactive iron was administered
and continuing until the end of the experi-
ment, all calves received a ration consisting of
7577 ground snapped corn and 259 pangola-
arass hay and containing 72 ppm of iron on a
iry matter basis. At an average age of 215
Jays and a bodyweight of 110 kg., three
iren-depleted and the three nondepleted calves
were each given a single oral dose of 400 uc.
>f Fe™ as ferric chloride. The three remaining
depleted calves were dosed similarly with Fe®®
ferric oxide. Approximately 73 mg. of stable
iron were given’ with each dose. All animals
were slavghtered 96 hr. after dosing.
Experiment 11. Six dairy-type steer calves,
which bad received the diet low in iron de-
scribed in Experiment 1, were given radioac-
tive iron at an average age of 172 days and
2 bodyweight of 91 kg. At this time average
hemoglobin and hematocrit values were 9.6
gm. 100 ml. and 37.277, respectively. Three

- steers each were dosed orally with 500 pc.

of Fe™ as either ferric chloride or ferric oxide
with 70 me. of total iron per dose. The ani-
mals were slaughtered 168 hr. after dosing.
Experiment 111, The relative absorption of
Fe** from ferrous sulfate, ferrous carbonate,
ferric chloride and ferric oxide was deter-
mined with 24 wethers averaging 39.2 ke. in
vodyweight. The sheep had received standard
rations and had average hemoglobin and hem-
2tocrit values of 11.0 gm. 100 ml. and 36.27; .
respectively. Twelve davs prior to dosing. the
animals were started on a ration containing
607¢ ground snapped corn. 207 cottonseed
meal and 207/ ground Bermudagrass hav. A
'niform feed intake 9CO gm. per head daily
was established and maintained throvehout
the experiment. Six animals were used per
treatment, and 150 gc. of Fe™ were admin-
istered orally per head. Total iron per dose
depended on form and varied from 30 me.
for the chloride and oxide to 70 and 77 me.
for the sulfate and carbonate, respectively.

"The sheep were slaughtered 168 hr. after

dosing.
Results

Experiment . The effects of reduced di-
etary iron on blood hemoglobin and hemato-

TABLE 1. AVERAGE HEMOGLOBIN, HEMATO-
CRIT AND TISSUE JRON IN IRON-DEPLETED
AND NONDEPLETED CALVES
(EXPERIMENT 1)

Iron status
Item Depleted  Nondepleted
Xo. of animals 6 3
Hemoglobin, gm. "100 ml. 7.8° 10.8
Hematocrit, % i0.0° 7.0
Tissue (total Fe, ppm
dry wt.)

Rib 29 72

Muscle 75 85

Liver - 169 233

Heart 329 223

Kidney ' 365 479

Spleen 664* 1067

* Sicnificantly (P<.05) lower than the value for control
calves. .

crit and tissue iron concentration are shown
in table 1. Hemoglobin and hematocrit values
were lower (P<.05) in the iron-depleted
calves. The depleted calves also had signifi-
cantly less -total iron in the spleen. Other tis-
sues in depleted calves except the heart con-
tained less iron, but differences were not
significant.

An average of 63 and 547 of the oral Fe™
from ferric chloride was recovered in feces
within 96 hr. for nondepleted and depleted
calves. respectively. Only 14¢; of the Fe™
from ferric oxide was recovered from depleted
calves. The calves receiving ferric oxide never
excreted more than 2/ of the oral dose during
any 6-hr. period. Urine samples were counted
for radioactivity, but no sample contained
measurable activity,

Measurable levels of radioactivity were
present in red blood cells of the depleted
calves receiving ferric chloride from 36 to 48
hr. after oral administration (figure 1). Ra-
dioactivity in the red blood cells of the control
calves receiving ferric chloride became meas-
urable at a later time and was significantly
lower at all periods of observation. Radio-
activity in the red blood cells from depleted
calves receiving iron oxide remained within
the range of background variability. Activity
was daected enly in the seram of calves re-
ceiving ferric chioride, hut kevels of activity
weie o fow that a clearance pattern after oral
administration could not be established.

The tissue deposition of Fe is shown in
table 2. The highest concentration of oral Fe™
was found in the liver, followed by the spleen,
Kidney. heart and rib. fron-depleted calves.
when compared with nondepleted calves. had
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Figure 1. Red blood cel! levels of iron™ as influenced by iron status
of the animal (Experiment I).

approximately five times as much Fe™ from
ferric chloride in the liver. All tissues except
rib indicated a significant effect of iron deple-
tion on Fe™ deposition. No measurable radio-

TABLE 2. TISSUE DEPOSITION OF F¢™ FROM
FERRIC CHLORIDE AND FERRIC OXIDE
EXPRESSED AS PERCENTx10° OF THE ORAL
DOSE PER GRAM OF DRY TISSUE IN IRON-
DEPLETED AND NONDEPLETED CALVES
(EXPERIMENT I)*

Iron status

Depleted Nondepleted
Tiszue Chloride Oxide Chloride
Liver 169* o* R}
Spleen 131* o] 21
Kidnev LY 0 27
Hoan 37* 4] 13
0 12

Rib 38

s fach figure topresents an avennere of salues from theee
animals. . .

b No measurable radinactivity.

+ signifuantly (P 031 higher than value for nondepleted
animals.

activity was present in any tissue from animals
receiving ferric oxide.

Experiment 11, Calves receiving ferric
chloride excreted an average of 82¢ of the
oral dose by way of the feces in the 168-hr.
experimental period, and those animals re-
ceiving ferric oxide excreted 647 of the oral
dose. Fecal excretion values 96 hr. after dos-
ing were 68 and 357/ for ferric chloride and
ferric oxide, respectively. The value of 68/
for ferric chloride was somewhat greater than
54¢; obtained in Experiment I, and the ex-
cretion of ferric oxide (33 compared with
147, ) was almost four times as great in Ex-
periment 11, The rumen contents contained
2.0 and 5.3/ of the oral dose from calves re-
ceiving ferric chluride and ferric oxide, re-
spectively. This suggests that the iron oxide
powder may have passed from the rumen more
slowly.

In contrast 1o the results obtained in Ex-
periment T with a different ferric oxide prep-
aration, measurable levels of Fe™ were ob-
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served in the tissues of steers receiving ferric
oxide (table 3). The Fe™ deposition, however,
was significantly greater for each tissue when

“ferric chloride was administered than when

ferric oxide was given: Radioactive iron was
detected in the red blood cells in all calves
approximately 48 hr. after dosing. Expressed
as percent of oral dose per liter of packed
réd blood cells, averages of 0.71 for calves
receiving ferric chloride and 0.19 for calves
receiving ferric oxide were obtained at 168
hr. following dosing.

i Experiment I11. Fecal and urinary Fe®™
excretion data are shown in figure 2. The

-total fecal recovery of Fe™ from the various

sdurces, expressed as percent of the oral dose,
varied from 867, for the ferric oxide to 987
for the ferric chloride with no significant dif-
ference between treatments. Less (P<.03)
radioactive iron was excreted in the urine by
those sheep receiving ferric oxide than by
those -receiving the other three iron sources.
Approximately 0.095¢ of the oral dose was
eliminated in the urine from the three sources
except for ferric oxide.

The level of Fe™ in serum and red blood
cells is shown in figure 3. The peak in serum

~activity occurred between 6 and 24 hr. after

dosing. Statistical examination of the 24-

TABLE 3. TISSUE DEPOSITION OF Fe® FROM
FERRIC CHLORIDE AND FERRIC OXIDE
EXPRESSED AS PERCENTXx10* OF THE ORAL
DOSE PER GRAM OF DRY TISSUE
(EXPERIMENT 1I)*

Forms of iron

Tissue Ferric chloride Ferric oxide
Liver 211° 69
Spleen 114° 38
Kidney 102° 34
Heart 43*° 9
Rib 113* 32

.'I;Ach figure represents an average of values for three
animals.
* Significantly (P<.05) higher than value for ferric oxide.
** Sipnificantly (P<.01) higher than value for ferric oxide.

through 96-hr. data revealed that the levels
of radioactive iron from ferrous sulfate and
ferric chloride were similar, that the activity
from ferrous carbonate was lower (P<.0S)
than that of the sulfate, and that the response
from ferric oxide was lower (P<.01) than
that from the other three iron sources. Labeled
iron accumulation in red blood cells was meas-
urable 24 to 48 hr. after administration, and
the relative levels of response to the various
sources occurred in the same order as was
found in the serum. The Fe* uptake by the
red blood cells was similar for the sulfate,

(‘_3 100 FERRIC CHLORIDE o
8 OO0} FERROUS CARBONATE &

; FERROUS SULFATE ]
b . 80} FERRIC OXIDE
£ 70
w I — FECES
I I 7 — ORINE
c sy 7 . O.10
4 40 sootpci T ]o.oe
& 30 | fo.06
£ 20 : s s & de0 04
w ot Y g jo.02

2 . &

Q O %: ---- N b e " - JO
& 0O 24 48 72 96 120 144 168

PERCENT ORAL DOSE IN URINE

HOURS AFTER DOSING

Figure 2. Accumulative fecal and urinary excretion of Fe™ as
infAuenced by form of iron (Experiment 11I).
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chloride and c4rbona1e forms of iron, while
the response for ferric oxide was lower
(P<.01) than that for the other sources.

Tissue deposition of Fe™ (table 4)%was
similar for sheep receiving the sulfate. chlor-
ide or carbonate form of iron. There was less
(P<.01) radioactivity present in the tissues
from those animals which had received ferric
oxide. Based on tissue deposition, the Fe™
in iron oxide was about 12¢; as available as
that in the ferric chloride.

Discussion

Results obtained in Experiment 1 indicated
zreater ahsorption of iron when body stores
were reduced. Similar responses have been
reported in humans by Mitchell ef al. (1960)
and in humans and dogs by Moore ef al.
‘1944, Djurdjevic and Georgi (1965) re-
ported that the average absorption of orally-
administered ferrous Fe™ was 6.5% in normal
sheep and 20.27 in sheep made anemic by
bleeding. These findings suggest the desira-
bility of using iron-depleted animals in an
iron availability assay.

The time lag of 24 16 48 hr. after oral dos-
ing prior to detecting Fe™ in the red blood

) - >
O R 24 48 72
HOURS AFTER DOSING

- 0
96 120 144 I8

PERCENT ORAL DOSE PER LITER RBC'S

blood cell levels of Fe™ as

i influenced by foim of iron (Experiment III).

cells was dependent upon iron incorporation
in the cells and is similar to the response ob-
tained by Hansard ct al. (1959) when calves
were intravenously injected with Fe™. In gen-
eral the liver contained the highest concen-
tration of Fe™, followed by the spleen. This
was especially true in the depleted calves,
while in the nondepleted sheep, the concen-
tration of Fe™ in the spleen approached or
exceeded that found in the liver. In other work
with calves it was found that liver contained
the greatest concentration of intravenously

TABLE 4. TISSUE DEPOSITION OF Fe* FROM
DIFFERENT IRON COMPOUNDS EXPRESSED
AS PERCENT 100 OF THE ORAL DGSE PER
GRAM OF FRESH TISSUE «EXPERIMENT I1ID®

Forms of iron

Ferric Ferrous Ferric  Ferrous
Tissue oxide” carbonate chloride sulfate
Liver 25 582 464 682
Spleen 33 660 443 601
Kidney 25 326 266 3558
Heart 12 87 100 97
Muscle 4 20 17 24

* Each figure sepresents an average for 6 animals.
" A tisue values for et oxide were ignificantly (P<.011
fwer than thee fur wther furms of san.
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injected Fe®®, with the spleen and other or-
gans containing Fe™ in considerably lower
amounts (Hansard et al., 1959).

A greater percent of the radioactive oral
dose was accounted for hy fecal excretion with
the sheep in Experiment III than in the sec-
ond experiment of the same duration with
steers. Although the accumulative fecal excre-
tion for individual animals was variable, the
average excretion of 86 to 989 suggests only
limited absorption of the orally-administered
radioactive iron in the nondepleted sheep. The
extremely high levels of iron excreted irom
the nondepleted sheep, plus the delayed rate
of passage apparent with ferric oxide in Ex-
periments I and II, suggest that differences
between oral dose and fecal excretion may not
be precise measures for evaluating iron ab-
sorption. In Experiment 111 the average per-
cent of oral dose accounted for by incor-
poration of Fe™ into red blood cells was
calculated. A blood volume of 6.2 ml. per 100
gm. of bodyweight (Hansard, 1956) and the
average hematocrit value obtained with the
serial blood samples were used in making the
calculations. The values obtained were 0.2,
2.7, 2.9 and 3.2% f{or the oxide, carbonate,
sulfate and chloride, respectively.

Iron from ferric oxide was significantly less
available than that from other sources in all
three experiments. Based on tissue deposition
data, ferric oxide was approximately 0 and
30% as effective as ferric chloride in the two
experiments with steers and 129/ as effective
as ferric chloride in the experiment with
sheep. The method of counting Fe™ in the
tissues in Experiment TII may have allowed
detection of less Fe™ from ferric oxide than
was possible in the earlier experiments. The
samples of Fe™ ferric oxide represented sepa-
rate preparations for each experiment, and it
is suggested that an incomplete conversion of
Fe™® into the oxide form may explain the ap-
parent higher availability obtained for this
form of iron in Experiment 1. In a <tudy by
Pickett ef al. (1961) iron from ferric oxide
was shown to be relatively unavailable to
young pigs. In the same study ferrous solfate
gave the highest zains and hemoglobin values.
while the response tu iron carbonate was in-
termediate between that obtained for ferrous
sulfate and that obtained for ferric oxide.

Iron is considered to be absorbed only in
the ferrous state, although there appear to be
specics differences in the ability to reduce fer-
ric to ferrous iron (Underwood, 1962). Moore

et al. (1944) reported that human subjects
absorbed 1.5 to 15 times as much ferrous iron
as ferric iron, while dogs either absorbed both
forms to a comparable degree or showed pref-
erential absorption of ferrous salts. The two
forms of iron have been reported to be
equally effective for rats (Underwood, 1938).
In Experiment III with sheep. Fe™ from fer-
rous sulfate and ferric chloride appeared in
the serum more quickly and remained higher
throughout the observation period than did
the Fe™ from ferrous carbonate. This response
was reflected in red blood cell radioactivity.
Ferric oxide yielded little Fe* in either serum
or red blood cells. Tissue concentration of
Fe™ from ferrous sulfate was higher than
that from ferrous carbonate and ferric chlor-
ide, but the differences were not significant.
Significantly less Fe®® was deposited from
ferric oxide. :
Relative solubility of the iron compounds,
as well as degree of reduction of ferric to fer-
rous iron, may have influenced utilization of

- the various forms ‘of iron. Both ferrous sulfate

and ferric chloride are very water soluble,
while ferrous carbonate is only slightly solu- -
ble and ferric oxide relatively insoluble.

Summéry

Calves and sheep were used to determine
the relative biological availability of radio-
active iron administered orally in the form of
ferric oxide, ferric chloride, ferrous carbonate
and ferrous sulfate. In addition, calves were -
used to determine the influence of body iron
stores on the absorption of orally administered
radioactive iron. Ferrous sulfate, ferrous car-
bonate and ferric chloride ranked in decreas-
ing order of availability. but were not signifi-
cantly different, when evaluated on the basis
of tissue Fe™ deposition. Ferrous sulfate
vielded serum Fe™ levels which were signifi-
cantly higher than those for carbonate. but
not different from those for ferric chloride.
Iron in ferric oxide was significantly less avail-
able to both calves and sheep than iron in
the other .compounds. In one of the three
experiments, measurable levels of radioactive -
iron were not detected in tissues of calves re-
ceiving Fe™ ferric oxide., Tissues from iron-
depleted calves receiving Fe™ ferric chloride
contained three to five times as much radio-
activity as corresponding tissues from non-
depleted calves receiving the isotope in the
same compound.
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ON THE GROVTH-PROMOTING INFLUENCE OF VARIOQOUS3
INORGANIC IRON COMI'OUNDS, AND THE INCREASED
IRON CONTENT OF THE BODY FOLLOWING
THE ADMINISTRATION OF THE ACTIVE IRON
OXIDE, "SIDERAC"

by
A, Bickel

- (From the experimental-biologiecal division of the
Patholegical Institute of the University of Berlin)

(Entered on May 25, 1928)

The fact that a growth-promoting influence can be
ascribed only to inorganic iron compounds, and not to the
organic ones, has been established through the works of
Abderhalden (1). Therefore, the growth experiments described
in the following were conducted using solely inorganic iron
compounds, The following iron compounds were those tested:

1, "Siderac", the ferric oxide of Baudisch, strongly
magnetic, and benzidine active in an acid medium.

2. A likewise strongly magnetic, benzidine active
ferric oxide vhich, in a manner similar to that of the oxide
of Baudisch, was produced by oxidation of magnetite, However,

a different magnetite was used for this oxide,

The magnetites are ferric oxiduloxides, which can also
vartially be obtained from hydrates, Lerfort's magnetite,
from which Siderac is produced, contains ferrous and ferric
iron in equal provortion and a great deal of water as well,
partly adsorbed, and vartly chemically bound, Because of the
diamagnetism of the water and also the loose guality of the
magnetite, this abundant water content brings about the condition
that, in its water complex, this magnetite cannot be raised
above the level of fluidity by a strong magnet, In the case
of magnetites poorer in water content, this succeeds immediately.
Such a magnetite, poorer in . water and with a ferrous content
greater than that of the Lerfort magnetite, served in the
production of the second oxide.

The end product was just as magnetic as the siderac,
and also revealed a benzidine reaction, 1In spite of this, an
identity of the two oxides cannot, of course, be claimed,

3. A strongly benzidine active but unmagnetic ferrous
ferric carbonate, The experiments with this compound were
carriad out in part by Dr. Remesoff (Leningrad) in this laboratory.
Prof, V¥ltz also kindly allowed some experiments to be conducted
at the Animal Breeding Institute of the University of K&nigsberg.
Remesoff has already reported the results of his experiments
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with this carbonate, as well as tﬁose of several siderac
experiments, in Russian at the Pathologists' Congress in
Kiev in 1927, :

The arrangement of the experiments was as follows.
For a part, we used rats of approximately the same age and
the same sex, but from different litters; for the other part,
we used rats of the same sex from the same litter, In most
of the experiments, all the animals were fed with dried rolls
and fresh baby milk.. In a morning portion, they received
a little of this nourishment as well as the raspective dosage
of iron; the control animals were given the same amount of
nourishment only. After this vortion had been completely
consumed, and the iron animals had received their daily ration
of iron, such an amount of food was placed in the cages of all
the animals, so that on the following morning food scraps still
remained, and were then removed. On a certain weekday each animal
was weighed. The total weight of each group was then ascertained,
in order ultimately to establish the wpercentage of weight gain
based on the initial weight. In a rather extensive series of
experiments, the iron content of the body was established in
some of the animals, These were double experiments with rats
of the same sex from the same litter. Animals of the same sex
were separated from each litter and fed in the manner described
above, half of them receiving the dose of siderac, half not,

~-After:the observation of growth was concluded, the rats were
- killed with chloroform vapor, washed with ether and, after the

stomach and intestine had been removed, placed in large numbered
porcelan pots. Then the vots were weighed and kept at a tempera-
ture of 105 to 110° C until the weight remained constant at around
1/10 g. Then the contents of the pots were incinerated, the

ashes dissolved in forensic hydrochloric acid, and the iron was
determined in the solution through electrometric titration with
sodium bromate. '

Records of lxperiments
Experiment 1

Masculine white rats of different litters aged about 6
weeks. The animals were kept together and fed in groups of

10 (9).
1.2 D’ 4. 2. 6. T,
. D e ey TR ewhhb L_‘,g‘::h';':',! | Dauer i (;'::.']c,',‘,::'
desVersuchs  Wechen %y
i IR Wyl v 9 | 13535.1
24 1. 127 |
s b Wnis Forx 125000 5 . 1830
fowrloarconat  22NT 16926 0 2411927 . ,
Hl - 624 4322 9 132,6
PO NL IS5 24 L1627 i
Key: . ) '
= group 2.,= number of animals 3,= daily dose per animal
4.= initial weight and date of commencement of exneriment
5.= end weight and date of conclusion of exneriment
6.= duration in weeks
. . A
T.= weight gain %
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Results of the experiment, ' Compared with the controls,
siderac effected an acceleration of growth of 23% within 9
weeks, the ferrous ferric carbonate one of 31%, With reference
to the iron content, the doses of the different iron conmpounds
were nearly equal, Siderac contains 70% iron, the ferrous ferric
carbonate 36%, (This ferrous ferric carbonate, which exercised
an especially favorable influence here, had caused no change in
the u?i?e quotient C/N in the metabolism experiments of Rosen-
feld (2).

The marked weight gain of the iron carbonate animals induced
us to seek verification from another source. This was carried
out in the Animal Breeding Institute of the University of
Kdnigsberg under the direction of Prof, V8ltz., The iron carbonate
which was sent to K#&nigsberg for this purpose had already been
preserved for quite some time in the laboratory and had partly
decomposed; it had turned red, but still gave evidence of un-
diminished intensity of benzidine reaction, Under the impression
that the intensity of the benzidine reaction is connected with
the effect on growth, an impression which could well be garnered
from the results of the first exveriment, we did not prepare a
fresh preparation of a light color. The use of this decomposed
preparation appears to have been the reason for the negative

outcome of the Kdnigsberg experiments.

Experiment 2

Course of the rat experiment in K¥nigsberg with 10 mg Fe-prepara-
tion (ferrous ferric carbonate, decomposed, but strongly benzidine
active) as a daily suvplement to the basic diet,

For the comparison, rats of the same age and same weight
were selected; of these, nos., 1, 2, 3, 4, 9, and 10 came from
the same litter, At the time of the commencement of the experi-
ment, all the animals were about 5 weeks old, Immediately after
weaning, they underwent a two-week preliminary veriod (without
Fe-supplement) with the basic diet; during this period, rats
nos, 7 and 8 perished,

The main experiment began in the eighth week. Each animal
was kept separate, In their daily ration of the basic diet

consisting of 12.5 cem milk, 3.5 g rolls, 8 g grist (2 parts
wheat, 1 part oats, 1.part rye) , nos. 1 and 6 received 10 mg
iron preparation each. Nos, 9 and 12 received only the basic
diet, in order to serve as control animals, The animals were
weighed once a week, in the morning on an empty stomach.

All the exverimental animals consumed the Fe-preparation
given them with the milk and rolls, guantitatively. In the first
two weeks, only rat no. 4 left some milk with Fe standing.

The grist remains were collected sevarately from each
animal and at the end were subtracted from the amount of food
given every day, The initial and end weights, the weight gains
(absolute and percentual) and the food consumed by the individual
animals as well as the group average, are explained in the




following table,
. l_' 2. 3. A 4.

- ——
i .-\nh_n;s- - Ende l.__a") dur.aumebl " a)\’cru‘b«,l Futl:rc)
| eewiche cwicht | Tn o

| \ R PR x‘ « 45 T Mich  Semmel i Schrot

,. , ! afangse |
o L..; , g . e l‘gewmhts cem g i [

. (onppe 1,
A. \el'.qxch-d.u‘x'-l' 'vO’I'.lt_:c 7':6.1.5.'11"-: von Ttane Fo je Tag. (Zwei mannliche,
B vier weitlici » Ui, dinunter vier Wurfgesehwister.)
. Durchsehuist 583 lide ¥ B3 1 eaR” 625 | 175 } 8353
: H y . - y
. (l'l"ll)[n 2,
C. Versuch~dauer 30 Tage, oline Fo-Zu-aty, (Zwoi mdrnliche und zwei weib-
_ liehe Tiere, davuter zwei Warfgesehwi-ter.d
B,  Durchschnitt © 360  p213 622 1034 w25 175 | 8565

Key: ;

l,= initial weight 2.,= end weight

3.= gain a) absolute b) in % of inittial weight

4,= food consumed a) milk b) rolls c) grist

A.,= Duration of experiment 50 days, dose of 10 mg Fe each day
(two male, four female animals; of these,four from the same
litter)

B.= average

Ce= Duration of experiment 50 days, no Fe added, (two male and

two female animals; of these, two from tne same litter)

Result: Thé Fe~prevaration tested in this exneriment with
rats revealed no growth-promoting properties in a daily dosage
of 10 mg as a supplement to the basic diet,

The food consumption and weight gains of the Fe-rats were
even, in comparison to the control rats, somewhat reduced,

Course of the rat exveriment in E8nigsberg with 20 mg Fe-prepara-
tion (ferrous ferric carbonate, decomnosed, but strongly benzidine
active) as a daily suvplement to the basic diet,

The rats used for the exveriment were of the same litter
and about 5 weeks old at the time of the conmencement of the
experiment, After weaning they underwent a vpreliminary period
of 10 days on the bhasic diet without Fe-supplement. Three days
after the conclusion of the preliminary feeding, rat no, 4
verished,

Rats nos, 1 through 5 received 20 mg of the iron prevaration
each daily, The basic diet consisted on the average of 12.5 ccm
milk, 3.5 g rolls, 7.2 g grist, For exact dosing, the iron
preparation was mixed with technical casein, The control animals
" received a corresponding casein supplement.

The Fe was given together with the milk and rolls, It was
consistently quantitatively consumed,
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. The grist remains of each animal were collected and
subtracted at the end of the experiment from the amounts of
food given, The initial and end weights, the weight gains

(absolute and percentual) and the food consumed by the individual

animals as well as the group average, are explained in the
followiang table,

Group 3.

Duration of experiment 34 days, dose of 20 mg Fe-preparation

ver head and day,. .

cormeeda 20 3. A,

\ot nds a)Zun:hmcby B} a)V:rzcbt) Fut:c)___

----- SEWLED dbsolus | . Milch  Seramel _ Schrot
e £ I ‘0 e o )4
Trazel- i 33 0 180 os1es |oeos fogen gep 211
. 35 1051 ;7 33 v 933 4436 - 120 . 918

Key:
l.= initial weight 2.= end weight

3.= gain a) absolute b) percentusl °

4,= food consumed a) milk b) rolls c) grist

Note:r All the animals belong to the same litter,

period 10 days without Fe-supvlement,
after the conclusion of the preliminary period,

Experiment 3

Préliminary
Rat no. 4 died 3 days

Male white rats of different litters mixed together; age about

10 weeks, '
1. 2, 3 4, 5. 6. 1T.
e B ‘_ ;; : '\nrs:ew:!:* .- Eadiewschr ; mi (:cumins--
Gou--- R s .:;T.-r e, und : 5 | Daver ' zunzhme
fioee R + Verachspesivn | des Versuc.os Wackea © oy
1 S - L 603 : Yo
R 2710027 LY. 10y :
2 < 2 Farri. Gl g 1045 9 | 7
csya 2 270111427 IR RS R0y !
Key:

l.= group 2.= number of animals 3,= daily dose per animal
4.= initial weight and date of commencement of experiment.
.= end weight and date of close of exveriment,

6.,= duration in weeks

7.= weight gain %

Result of experiment. The addition of oxide 2 to the
basic diet caused absolutely no acceleration of growth,

Exveriment 4

Male white rats of different litters mixed together; age of
7 weeks,

about
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l.= number of animals 2.,= daily dose per animal

3.= initial weight and date of commencement of experiment
4,= end weight and date of close of experiment
5= duration in weeks

= weight gain%

Results of experiment, Group 3 of experiment 1 lends
itself to comparison here; in that grouv, a weight gain of
132,6% appeared within the same amount of time in rats aged about
6 weecks at the beginning of the exvetriment, The weight gain of
118% in rats of about 7 weeks, established in experiment 4, is
entirely comparable to the weight gain of animals of corresponding
age, kxept on the same diet without iron supvlement,

Experiment 5 o

Male white rats, that is the animals of -experiment 4, which
was cut short on February 14, 1927, were divided into two groups
of five each; on February 28, 1927 a new experiment was begun on
them,

1, 2. 3. 4. 5. 6. _T.
- Zabt oo . Anfanasgewicht | Fuduewichi i Gewichtse
Gruppe © _dor ZJ“{: e Tier , un ! und Zchlug ; Daver | zunanme
Ticre sich Versucisbeginn | dzs Jersuess ¢ Wochen ! IR
T e !§ N .» - = Pl - ; - ".'- '. e s s——= "'—‘:_ S -’ = - -'_—:—’—__ iy
| LY s — | B3 ¢ v liske L 11+ 390
B L NE) R KT L M
2 = & Hwg Forsi- ! N Y, ftawse - 11 36,6
1 oxvd 2 P25 15 1027 165V, 1237

Key: see experiment 3, .

Results of exveriment, The growth of the animals is in-

fluenced neither by the addition
oxide 2 in the food..

From experiments 3%, 4, and
active, strongly magretic ferric
is rather different from that of
be concluded that this oxide, as

nor the omission of ferric

5, which co:acern a benzidine
oxide, the production of which
the oxide of Baudisch,it can
a supplement to the diet in a

quantity of 5 mg per animal and day, does not influence the body
growth of young rats. (This iron oxide was also tested by
Rosenfeld (2) in metabolism experiments and revealed no influence
on the urine quotient C/N, while the iron oxide siderac, according
to0 Baudisch, alters the urine quotient in such experiments.)
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Experiment 6

Male white rats of different lltters mixed together; age about
7 weeks, _

1. 2. 3‘ 4. _D. 6., 7.
__m“! EX) i Zulage pro Tier . " Antang "‘:"‘i‘h‘ Gewicht | Dauer (z;::;;l:;:
¢ e tighich | Versuchsbeginn am I Wochen e
== There '-‘--— TRt W= | -—fr.:‘:_ R R R ::!;. JORRR SR ]
1 F 6 | 3mg Siderae | vxmaos! 9 | 1516
3 Siderae. PUNES 10, \ﬂ 1924 i
L] s sms s aX192 | 1702 | |
' 21,1 1927 | 13 1731
: h | : i 1270 ¢
2 'ﬁ 3 |5mgimki-| iz [10.NIL19%61 9 | 16
fert. Si s 1926 H3C 2 -
\ viert. Siderac ' S. X. 91 1 B s 1754
|§ | 703 3 } -
3 |$ B | OkneFisen- | e W18 0| 1308
I . zuiare ‘ 8. X.1uv26 of Iu 74 5 1504
: ! [ oty

Key: see experiment 3.

Results of exveriment, In young rats, a supplement of
the active magnetic ferric oxide of Raudisch (siderac), effected
a clear weight gain of 11.8% in the first 9 weeks, or 5.5% as
compared to the rats which received no iron supvlement, or those
which received a supplement of siderac which had lost 1ts magnetism
and activity due to extended heating at 400° or more., In the
following 6 weeks, however, the difference in growth was completely
..balanced out., The growth-promoting influence was, in this
experiment, only a temporary one, :

Experiment 7

The effect of siderac was now teqted on a larger number of
white rats. These exneriments lasted from June 28, 1927, until
October 18, 1927, thus 112 days or 16 weeks, The’ 1ron animals
initially rece:vnd 5 mg sidersc daily; begining on July 23, the
doses of siderac were increased ten times., The 33 rats of these
exveriments came from six litters; animals of the same sex and
of the same litter were consistently used for the main and
control exRerqunts. The r%Fu_ti are comnl%ed in the following
table. i

K (u" nts - Gesame.

-~ g : - . z . Juns;ime
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i - S LTS TS L. maTT W i'— _0 T Il :--‘.:_ R~ . LI . ,“‘__“ SR imays]
! Y24 Warf- 1 shiae ! i : vy 111
1. D g fmasgvieert o— 18T ps 1 Ty
2 2 ¢ Siierae 79 31y 298
2. L3 lt War —_ 40 ¢ T 2,0
5 ) A I "‘J'*l wer  suderse 44 1 6y 843
i1 2o 7 — ., 88 o3 3
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€ 2 ¢ USidae 81| 20 22y
6a o 12 |l Wt = @ | T oa3
T 1 lgcsch\vister " Siderae T 5 215 367
72, 2 ¢ P 95 430 ¢ 852
g . 2= | | Siderac . 1% | 430 | 310
8a ; L¢ warf- ; — ) 52 1 205 205
9 v 19 uesehwister | Siderae 47 ' o1 | )
9: & 29 o— 3 315 2%
10 "8 I War- Silerac '+ 123 | 663 0
108 | 3 o |lgescuwister; — | 139 | 595 27




et e et - -~ e = . e

-8

Kev to table on page 73 '

l.,= group 2.= number of animals 3.= supplement
4,= total initial weight 5.= total end weight

6.= gain in 16 weeks 7.= from the same litter

From these figures it is evidenced that, with the single
exception of group 6, the weight gains of the iron animals are
greater than those of the control animals. The influence of
the siderac supplement becomes clearer vhen, forgoing the
separation into animals of the same litter, one divides the
material of the exveriment into two main and two control groups,
as shown in the next table, Here we also have in the last column
the average relative iron content, which was established for a
large number of the animals by analysis, M

1| 20 30 40 50
""" - T Gesamt | Gesami | Gewichtse o
gy b oEhlude sn i Durchachniid.
fansabl AR Rl e | Lisengeauic
. ': i = } 8 Olgn | Fe %fge
Ao bl Komralle . ... 8 | 412 | 1205 ' 184 | o881
ﬁ’ , Sidéracprecppe . . 7 ! Ba¥ | 1007 208 | 0,122
e Minnl Kentrolle . . . . 9 | 444 1 1820 30 - 0,0671
b, > Sideraceruppe . . ¢+ 9 0 4o | 1940 340 10,0907

1.= number (of animals) 2.= total initial weight

3= total -end weight 4.,= weight gain in 16 weeks

5.= average iron content
A.= female controls . a.= female siderac group
B.,= male controls b.= male siderac group

In contrast to the results of exveriment 6, in exveriment
7 a pronounced effect of the siderac surnlement can be recognized
not only at the beginning of the exneriment, but also during
the entire duration of the exveriment, although this experiment
lasted considerably longer, The effect is especially clear
in the case of the female animals and amounts to 39% in favor
of the iron animals, while in the case of the male animals,

a 30% increase for the iron animals presents a lesser, but
nonetheless unmistakable effect. _

It results further from exveriment 7, that a part of the
iron fed to the animals is re-absorbed, that is, in such quentities,
that the siderac animals receive about 40% more iron than the
controls. During the determination of the absolute iron values,
this increase in iron revealed itself in the fact that there
were consistently found at least 2 t0 3 mg more iron in the
iron animals than in the controls., The analysis revealed the
iron values exactly to .1l mg, only the 1/100 mg vere vndetermined.
Thms the increased iron content of the siderac animals lies far
beyond the margin of error. The somewhat greater relative
iron content of the female animals migsht be exvlained by the
fact that they were without exception smaller, and therefore —-
presupposing a re-absorotion as great as in the case of the
male animals —- attained higher percentages with apnroximately

the same absolute quantities.
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RESULTS -

If one surveys the results of the cited experiments, one
is led to the conclusion, that a promotion of the growth of
rats nourished with a diet sufficient in every respect, can
be effected through feeding with certain iron compounds,
However in addition, as results from the imperfect revroducti-
bility of such experiments, a coinciding of circumstances which
are as yet unknown is necessary, This can be caused by the
condition of the experimental animals, which, depending upon
their age, origin and verhaps even depending on the season, can
suit the purposes of the exveriment differently. Another point
of uncertainty can be found in the quality of the administered
iron, Especially instructive in this respect “is the comparison
between the oxide of Baudisch and oxide 2 which, produced from
another magnetite, can hardly be distinguished immediately from
the first, While siderac (the ferric oxide of Baudisch) at
least reveals a considerable capability of accelerating growth,
the likewise magnetic and likewise benzidine active iron oxide 2
reveal's nothing of the sort., According to this, the production
of iron compounds must devend uron details whose significance is
still comvletely obscure, The variable results of the experiment:
with ferrous ferric carbonate can be interpreted in the same
sense, although in this case, at least, the various results must
with all probability be attributed to clearly recognizable
differences in the nature of the prepvarations. It is further
possible to enrich the body iron content considerably through
administration of siderac.
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ACUTE FERROUS SULFATE POISONING  .° T . -

RerorT or A NoxraTiL Case ¥ - st

~

Ronert 1. Bk, M.D.* Dimworr, M, axp $am K. StauLarp, MDD, *#
’ : Rensviy, N. C. o PR

. CASE of acute [eyrous sulfate
poisoning is presentcd. A review
of the literature reveals that most pa-

tients who received an  equivalent |

amount did not survive. AMony pa-
tients who ingested much less than

--this patient dicd. A brief review of

the literature is ineluded.

CASE RLFORT
'S. B. (Henry Ford Hospital No.
720432), & 26-month-old white female
infant, was admitted to The Hemy

_ Ford Hospiial on June 23, 1953, at

2:30 r.ai.  Approsimately two and
one-half liours prior to admission the
paticut had ingested sixty-five pro-

_prietary iron capsules eenteining a

total of 13 m. of ferrous sulfate. Of
the original one bundred capsules in
the bottle, twenty-five were found on
the floor. Ten had previously been
used by the mother. The ecomposition
of this preparation was ferrous sul-
fate, 0.2 Gm., and molyhdenum oxide,

"+ 3.2) mg.

The patient had been left alone.
temporarily, and when found, shortly

-after ingestion, was very lethargic and

retehing vielently.  Iler legs were
soiled with & large amount of bluck
foces.

The past history was negative ex-
cept for tonsillitis at 6 monihs of age.

Physical examination revealed a’

well-developed, well-nourished, Yethur-
gic white female infant, who responded
minimally to externei stimali.  The
temperainre was 90.4° I°, peetally, the

- pulze was 150, and respirations were

sRzestdent in Medicine, The: Jlenry l-‘\.;x'v‘.
Tlospital.

S pornwerly aabdept  dn Medieine, The
Meniry 1'osd Hoespital,

26 per minute. The blood pressure
was 90 syvstolie and 60 diastolic.

The child appeared acutely ill with
shallow respirations, {hready pulse.
marked pallor, and weakness. The
head, eyes, ears, nose, and throat were
normal. The chest was clear to per
cussion and auseultation. The hean
rate was rapid with sinus arrhythmis
but .otherwise normal. Abdominal ex-
amination was not remarkable. Neu
rological examination revealed Lypo-
active deep tendon reflexes plus leth
argy.

Immediately upon admission .
child was placed 1 an oxygen tent. &
Levin tube was passed, and norm:!
saline was started intravenously. T.:
stomach was lavaged with 500 c.e. ot
normal saline; bringing back greeni<
material with occasional flecks o
bright red blood. No fragments ¢
the capsules were recovered. ’

Following the lavage, 1 ounce
mineral oil and 8 ounees of 50 per ciit
milk-30 per eent eream mixture wo:*
left in the stomach. Ten ounces ¢ ¢
saturated solution of sodium bias
bonate were then started through !
tube by slow drip. . .

The following treatment, nlpl‘li""
after Spencer’s,™ was then instiinit -
A saline intravenous drip eonta:.’-
vitamin B complex was continned
approximately forty-eight hours. L
hundred cubie centimeters of b
plasma was given intravenous!y *
afternoon of admission.

The Levin tube was left in
and through this 4 ounces of
ereant mixture and 0.3 Gm, of b
carhonate were given every fout
Methionine, 500 my., and Epron
me., were given every | twelve
thronel the tube,

4

par

b

jen

164



BIKR AND STALLARD:  ACUTE
fu addition, 30 mye. of dimercajpro!
BAL)  was  given intrawusentarty

“every four hours for forty-cinht bhours

amd exvery twelve hours on the thind
day. .

This regimen was continued umil
the afternocn of the thivd hospital day
when (he Levine tube was retoved and
the  medications  were  diseoninued.
Praphylactically, aqueovus procaime
penieillin, S00,000 units, and strepto-
myein, 100 mg, were given every six
hours for the hospita! stay.

The child improved vapidly, and
within six hours she wiue rairly aetive
bui was still having many laree warry
stooly,  There was o retching or vom-
iting-after admiszion.  Blood pres<ure
and vital signs heeame and revabied
stable, and cighteen howrs arter ad-
mission she was remaved irom oxyeoen.
Khu had no further diicubty cxup!
tor a short period of Jethargy and :
mild drop in blood pressure appraxi-
mately thirty-six hours atier admis-
sien.  The tfarry diarrhea cleared
forty-cight Lours after admission, and
she hcg:m te pass normal stools.

+ On the {hird huwn.xl day she was

given a ‘soff diet and sup p'(mmm.l
vitamins, The urine wis {ested three
times a day {row the third 1o sixtl

'l]'!\' for sugar and acetedie iweause of

the report on the scecond day, and onky
onee did it give ¢ one-plus Benediet's
rexelion.  Slie 1oley .m-d the sory (dlel

~well, beeanie eomipletaly asymptomatie,

and was dischiarged on the sixth day.
Labovatory resulis were o3 follows:

First Day ({our hours after inges
I!u V: Hemoulobin wax 107 Gm.; red
oo eclls 4,800,000 0 white blogd ec?ls
SR00 with &6 per eent nentropiils,
B per eent I\mplm(,\l(\, aned 1 per
S monoeytes, Carbon dioxide enm-

g pewer was 220w per Her:
earide 108 yaeg. per Her: scrmm iron
40 g per eent (ariend in this Jabo-
oy, 0] g, per cont o,

Seeomd Day s Hemaozlobin was 1204
e v Blood eells S0900.000; white
Blocad eolls 10,600 with 61 per eont
heutvophils, 1 per cemt cosinophily, and
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S0 per eent Iymphoeytes, Urine: spe-
cifie gravity 1LU27, alkaline, negative
albuwin, one-plus Denediet, positive

Caectone and dineetic aeid: spun sedi-

ment: 4 10 6 lewkoeytes per fickl and
numerous epithelial eells. Serum iron
wits 2.0 mg, per eeut,

Thivd Day: Serum ivon was 092
mye e cemt.

Fourth Day: Hemoglobin was 134
G ored Bload eells 4,800,000 0 white
Mood cells 7,200 with £ per eent new-
trophils. .2 per eent cosinophils, and
H per cent Ivimphoeytes. Stool: nor-
mal color and consisteney, three-plus
phthalein test for ocenht hlood, Serum
iron wis (L3S me. per cent. .

Kifth Day: Serum iron was 040
me. per cent. Fasting blood sugay was
92 g per cent.

Sixth Day: Iemoglobin was 103
G s red blood eclls £.500.000; white
blood eells 8,150 with 27 per eent neu-
trophils, 1 per cent cosinophils, and
2 per cent Iyvmphoeyies,  Serum iron
was (L.8T mg. per eent.

A telephone conversation was had
with the mother one month from the
day of admission. She reparted the
child 1o he in execllent health.

DISCUSKION AKD REVIEW OF THE
LITERATTRE
Althongh many eases of oral iroun
poisoning were reported in the last
half of the nincteenth eentury 8 1 the
arliest ease reported in the modern
literature  was that by  Thowson.?

This oceurred in May. 1944, and was’

reported in 1947, Sinee then thirty
cases, summarized in Table 1, have
heen noted, with a fatality rate of 533
per cent,

Most modern textbooks of pediatries
still refer only to mild gastrointestinal
symptoms as toxie effeets of oral iron.®
Forbes™ and Spencer® gquote eavlier
anthors in reporting encephalopathy
appavently die to oral iron therapy.

Most of the eases reported in the
British  literature mvolved  ingestion



& proprictary compound 'umpm d

‘o[ 0.2 (. of fervous sulfate, 2.5 mye.

of copper suliate, aud 2.5 me, uL man-

-ganese sulfate.  TForbes!® by animal

N T R T R rv,-—n—g-rwq

f“(’um" experiments, found the ferroy,
sait to be the toxic "agent. Terrouy
sulfate nudoubtedly was the noxions

substanee’ in our case. .Not much in-

i

t1errie chlaide,
180 text.

llt‘a‘um u\.ll are

S Also 12.5 mag. wmu: ulfnlv u--l 1- RIS T m;, R &ulflll‘ pn rr.u\ of f; r-uu~ sl

Taenx I i -
E cm.l Acn l POST | -
AUTIIOL ' (m0.) i sEX | (o) TREATMENT RESULT
Brancht S M~ 180925 Lavage, O, heat, t.uctnon, I\ Died, 415 hr.
o fluid, blood
Duffy and 2 15 F 4.9.6.4 IV saline . " Recovered
. Diehl2 3 18 M 490 Lavage, IV fluid, plasma, bloud Recovered
- R o - penicillin
4 26 F 9.73-13.0  Lavage. heat, O,, v fluid, Dicd, 413 hr.
. : - : caﬁeme ‘
Forleste 5 39 M 10,0% None Died, 53 hr.
6 12 M 6070 Hezt, milk, Nepentlie, O,, atro Died, 20 hr.
pine, yenicillin '
Foucarn 7 &6yr. M 1103 Lavage, O.. blood, artifieial Died, 3 hr.
T re~piration
Lanccts 8 16 F 8.0% Died
Lindquisti2 a 24 F 5.34t Blood, yenicillin Recoverad
10 ? ? 10.GS? 7 Died
Murphy13 11 30 ¥ 13.0 Lavage, Na bicarbonate, AlIQH Recovered
gel penieil n, milk
Prain1s 12 1 r " Lavage, No bicarbonate, sulfa, Died, 39 Lr.
bxsmmh carbounate -
Roxburghts 13 16 M 609075 Lavaze, MuS0O,, IV fluid, peni- Recovered
. cillin, BAL
Bhoss16 14 1 F 163244 Lavage, IV fluid, milk, O, Recovered
. . pcnicrllm. PAL : :
Smith, J.az 13 2 M §.0% Lnr'\ge Na lLicarbopate * Died, + hr.
Bmith, R7s 16 17 ¥ 6352 Coramine, O,. plasma, methyl-: Died, 11 hr.
. _ ene blue, IV fluid
Spencern 17 21 F 108* Lavage, Na birarbonate, bis- Recovered
’ muth earbonate (serum iron:
4 br., 3.3 mg.; 3 days, 0.26
mg.
18 23 M 5.¢ Saliue, bismuth earbonate, vita- Rerovereld
mins,t IV fluid (serum iron:
414 hr., 342 mg.; 6 days,
0.33 n"' )
10 11 A 31.4-1.8*  Lavage, Lismuth carbonate, Recovered
\lt'lmms. . -
0 99 M 06t Noze Recovered
21 12 MO Raline, castor oil Died, 4 "r.
22 19 ¥ 2050  Kaline Died, 1 hr.
23 18 M S8 Lavage, stimulauts Died, 52 +°
21 14 ¥ oS0+ Castor oil, kaolin Died, 26 e
Swifte: 25 19 P 2 1V ifuid, Boud, BAL, Penicillin, Died, 19 b
streptomyein, O, vitamin K,
Amplajel
Thomson®: 26 1§ ¥ 5o Lavage, Na bicarbonate, Ne-  Died, 21 1
- penthe, hismuth c'trbon'lh N
27 oy M 1.6 Magnesiamn hydroxide, bismuth  Resovers?
mist., IV fluid, milk .
Thomson24 23 ot 1" 0.8 RBi-mutlh earbonute Rcc”"‘".;
20 1y M 207 Syrup of figs, Javazse, Nu bi- Recovers
. earbonale, ]3;\].
20 )] M 20400 Sy rup of figs . lavage, mag- Recoverd !
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sonnation is available as o the toxieity
of molyhdenum, bat Fuirhall® states:

-No toxie oflects in workers exposed -

fo the dust and fumes of molyvhdentum
and its common compounds Lave heen
reported.”’ ’

Notable in this case was rceovery

“after such a large dose. Only two

patients with a larger amount sur-
vived. Murphy and associntes.!® state
that their patient never appeared
aentely Ml Shoss?® treated his patient
in a_manner siiliar {o ours.
Treatment was maodified after Spen-
ver,?t as recommended in the Jornxar®
ile udvocated immediate preduetion of
vimniting. followed Ly ecastrie lavage.
leaving  sodiura  bicarbonate in  the
stomach.  ITe also suggested bismuth
earbonate, 0.2 Gm., every four hotirs,
=il the following vitamin mixtwre:
Iy me of ancurin hxdveehloride, 30
mg. of nieotinamide, 10 me. of ribo-
thwin, 15 mye. of tocopherol, and 300
me, meilionine. (This to be multi-
phied by the age in years and divided
it*o tlirce doses per day.)  Somers™
et sngwested the wse of sodinm car-
benzte or biearbonate in order to pro-
“nee insoluble ferrous carbonate and
ter™ advocated the use of aluminnm
i rdrozide and hismuth sulfate.
Dimereaprol (BAL) was used de-
:~§’5‘-- the controversy over its toxirity.
Faive and Somers® report. after animal
«rviments, that the iren-BATL eom-
«% i3 more toxic than iron alone.
Ewever, the British Medicol Journa!®
Deeated its use ©pevientady where
L wial has a elaracteristic sulfide.””
Lyt Roxbureh,!” and Swifts
< itmereaprol in eir cases hut did
) <caluate 31, whercas  Shess®
Cheelt it was a deeiding faetor in

Tedvp!,

Cae
t
«
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Murphy and :}ssuc'iatt?s“ aud Rox-
burgh*® Loth reported positive urine
sugar in their patients. It is our feel-
ing that the two positive Benedict’s
reactions were due {o nonspecific re-
ducing Suhstum;cs and did not indicate
hepatie, paneréatie, or renal damage
with resuliant abnormal ecarbohydrate
metabolism or excretion as they were
trangient, and, in our patient, the
blood sugar level was normal. o

Speneer™ reported serum iron de-
terminations in two nonfatal cases
(Table I, Cases 17 and 18) with re-
stilts similinr 1o those recorded for
this patient. Swift and associates® in
their fatal ease found a normal iron
content in the liver and kidney.
Smith?" suggested that the intestinal
barrier to iron is broken down by the
initia) large dose and raised the ques-
tion that ferrilin, acling as a vaso-
depressor substanee, may cause the in-
itial characteristic shock. He also sug-
gested the possible value of using a
phosphate salt for inhibition of iron
absorption. )

The British Mcdical Journal® states
that, in all cases aulopsied, there was
a marked corrosive action on the gas-
tric muensa aud less on the duodenun
and small intestine. Prain’* found
definite neerosis and fatty metamor-
phosis in the liver and suggested that
the alsorbed jron was the toxie agent.
Other smthors and the JOUrRNAL® sug-
sested that these changes are second-
ary to the shoek resalting from the
destrnetiom of gastrie mucosa.

Speneert! emphasized the character-
istic picture of shock in four to six
hours, improvement from twelve to
thirty.<ix honrs, and o seeond eritical
periol from twenty o fcythees
henrs.  Hle also Jisted Ahe elyecies]
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svmpioms of pallor, coldness, tachy- 10 Fmles, G.: TPoisoning With DPrepara
T e ey s . tion of Tron, Copper. and Manganese,
ardia, retehing, vomiting, drewsiness, Brit. AL 0. 17 267, 1017,

and restlessness.  He noted too that 11 Youear, 1% I, Gordoa, B, 8, and Koyve,

. Ge waw e soevhe: dr Doath tolowing ln;:f‘sli(m of Fer.
hematenesis was “"l””f‘- diarrhen rous Sulfate, Ae. J0 Cling Path, 182
uncomnon, and the respiratory rate uel, 194N,

12, Lindguist, N.: Aeute Tron Poisoning,
s . Acty Pacdiat, 38: 417, 149,
Phix paper serves fo re-emphasize 1 Auephy, J. W., Neustein, ., Hoffmwan,

often rapid with shallow exeursions.

the tonicity of ferrous salts and the A UL Winters, IV, and Gaxkins,

. " . . A, Lo Avute Tron Poisoning, ‘Aech,
neeersity for rapid and eonclusive Podiat. 682 03, 1051,

freatment. 14, Frain, J. TL: Fatal Poisoning of In-

fant by Anti-AnaemiePills Containing.

SUQMMDMARY fron, Manoanese, and  Copper, Dirit,

‘ . AL L 23 1o, 104,
1. A ease of acule ferrous sulate 45 Roxturgh, K. C: Perrous  Sulfute,

poisoning in a ehild with recovery ix "j'i‘l'l':‘i‘“z-'- Proe. Roy, Sor. Med. 42
) - . o 80, 1,
deseribed, I F’liﬂs\ J.s Ferrous Sulfate Poisoning:

AT Case Treared With BATL, J. Prorat.
EEHETRR ENE R
Mith, J. : The Pathology of er

2 A brief veview of the literature
is presented.
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THE COMPARATIVE BIOLOGICAL AVAILABILITIES
OF FERROUS SULFATE IRON AND FERRIC
ORTIIOPITIOSPIIATE IRON IN
ENRICIIED BREAD?®

IHAROLD BLUMBERG AND AARON ARNOLD
Sterling-IWinthrop Researeh Ingtitute, Rensselaer, New Yorl

TIREE FIGURES
(Reecived for publieation May 17, 1047)

According to the flour and bread envichment program, as

developed by federal and state agencies, the required iron.

should be added to the flour only in forms which are harmless
and assimilable (I'ed. Reg., 41). Primary consideration has
naturally been given to the scleetion of iron preparations
which exert no deleterious action upon the flone orv bread.
Thix technieal requirement hax somewhat ohscured the basie
nutritional motive for enrvichment in that the degree of bio-
logical availability of the added iron has not heen thoroughly
considered. As has been pointed out by the Council on Foodx
and Nutrition of the Ameriean Medieal Association (*41),
obviously there is no nutritional advantage in adding an iron
compound if this iron is not sitlisfactorily available to the
body. Tobey and Catheart (T41) pointed out that little in-
formation had been reported on the assimilability of ron
compounds that were alveady in use for enrichment of flour,

Qeveranl forms of iron have heen of practical inferest for
envichment. The initial report on ferrie phytate gave a some:
whit favorable impression (Andrews, Kvans and Tuboer, 41),

U Ppesented in et before the Ameriein Institute of Notrition, Chicigo, May 21,
JaaT Bmberg, W, and AL Arnobl, 47 el Proc, 6 4020,
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but in subsequent rat tests (Nakamura and Mitchell, ’43) and
human studies (Moore, Miunich and Dubaely, *43) it was found
to be a comparatively poor zonree of ivon. Little or no ferric
phytate is now being used for flour enrichment. Sodium iron
{ferric) pyrophosphate (Fe,(P.0:), 1 2Xa,P20; - GH.O) was
at first reported to be well utilized (Nakamura and Mitchell,
'43), but in later investigations it was reported to have low
availability (Street, "43; Freeman and Burrill, *45; Blumberg
and Arnold, 47). Exeept for speeial produets, sodium iron
pyrophosphate is no longer heing used to a great extent for
enriehment of flour and bread. Reduced iron has been found
to be highly available in rat investigations (Nakamura and
Mitehell, 243 ; Freoeman and Burrill, “45; Blumberg and Arnold,

_47), as well as efficacious in elinieal therapy (Fowler and

Barer, '39). Reduced iron is now widely uscd in the mill en-
vichment of flour, as well as in other dietary peoducts, such
as infant roods and yeast.

Ferrie orthophosphate has been the fovis of iron generally
used when cnrvichment has been effeeted at the bakery. Day
and Stein (’38)-found ferrie orthophesphate {o be much less
effective than ferrie chloride for hemoglobin formation in
rats. Tn their elinical studies on iron absorption, Moore and
coworkers (739) reported that the relatively insoluble ferric
orthephosphate, as well as ferrons phosphate, was very poorly
absorbed as compared with ferrous sulfate. In a single ex-
periment on rats, Freeman and Burvill (*43) ranked ferrie
orthophosphate ax only =lightly lesx effective than the highly
available ferric ehloride. However, in 2 single-level experi-
ments conducted as part of a ecomparative survey of iron
courees, Blhumberg and Arnold (47) observed fevvie ortho-
phiospbate to be less than one-half ax effeetive as ferrous
il when the cospounds were fed in enviched breads.

Ferrous sulfate iz well known both experiugnially and
clinienlly as one of the most highly available forms of iron
(Goodinan and Gilman, 1), Recently fervons <ulfate has
heeome of interest for hread envicunent,
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In view of the large extent to which enrichment of the
nation’s bread is couducted at the bakery, it was considered
desirable to obtain a better guantitative comparison of the
relative biologieal availabilities of fervous sulfate and ferrie
orthophosphate by testing cach form of iron at several levels.
The compounds were fed in the form of enriched breads con-
taining the different iron sources, xo that the iron would be
tested in the same form ax used for human consumption. A
secondary comparison with ferric chloride was also made
hecause some investigators have used the latter compound
rather than ferrons sulfate as a =tandard of high hiological
availability.

EXPERIMENTAL METHODS
Dicts

The diet employed in these experiments was ~imilar to that
previously used (Blumberg and Arnold, *47) ; the composition
is given in table 1. Casein was included in the diet as a supple-
ment to the inadeguate protein of the hread. so o= to provide
suflicient protein for optimal hemoglobin regeneration. Low-
iron cascin, containing approximately 15 pg of iron per gm,
was prepared in the laboratory from skimmed milk. The
low-iron salt mixture was prepared by modifying U.S.P. XI
Salt Mixture no. 2 in the following manner. The ferrvie citrate
was omitted, of course. Since the bread supplied sodinm
chloride, this also was umitted from the mixture and the
amount of salt mixture used wax reduced from the usual 4%
of the diet to 37¢. Furthermore. potassium hiphosphate was
substituted for sodium phosphate.

Four lots of bread were baked from the ~ame lot of flour
with special enrichment niixes that supplied the usual amonuts
of thiamine, riboflavin, and niacin, bat vavied with respeet to
iron. One lot of bread wax for the negative control and con-
tained no added iron. The other 3 lots were cnviched to pro-
vide approximately the Fellowing quantitics of iron: (1) 131
pg/em, as fervie ovthophosphate: (2) 42 peoane as terrons
sulfate: and (3) 21 pe 2w, as ferrvie chloride. The ferrie
orthophosphate was from a bateh actually nred for commercial
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enrichment ; the exsiceated ferrous sulfate was U.S.P. grade,
and the ferric chloride was C.P. grade.

The breads were air-dried at 37°C. to a moisture content of
approximately 492 and were then ground for use in the diets.
Tron analyses of the breads were made by a thiocyanate pro-
cedure (Eckert and Auerbach, “44). The iron content of the
negative control bread was found to be about 12 g em. The
actual analyses indieated that the supplemented Lreads had
slightly more than the intended additional iron contents, as
follows: ferrie orthophosphate 132 pg em, ferrous sulfate

TABLE 1

Cunpogition of dict,

BASAL MIXTURE SUPPLEMENTS PER 100 o3¢ BASAL MIXTTRE !

Ly ' mg

DBread (dried) o 82 Thiamine hydreehloride 1
Casein (low-ireny .. . . . 12 Riboflavin e 2
Salt mixture (low-iron) 3 " Pyridoxine hydrechloride 1
Corn il 5 Culeinm pautothenate 4
Niacinmmide (nicotinnmnii. 2

Choline chloride 100

J Inositol .. ... o 100

Copper (ns CUROQ, - SH O 3

Manganese (as Mn&0,-HO; . 1.3

*Each rat received Ly stomaeh tube a weekly fat-soluble vitanliz supplement
equivalent to 2000 U.S.P. units of vitumin A\, 400 C.S.P. units of o-13ferol (vita-
min D), and 10 mg of alpha-tncopherol.

43 pg,'gm, and ferric chloyide 26 ng gm. By suitalle dilution
with the negative control bread, the ivon-enriched hreads were
made into the series of test hread mixtures shown in table 2.
The + levels of ferrie orthophosphate iron inercisd in geo-
metriec progression by multiples of 2.5, as follows: 5.4, 21.0,
52.5, and 131.2 pe‘em of bread, or 6.9, 17.2, 42,1, and 107.6
ugem of diet, The 4 levels of ferrous salfate iron inercased
by multiples of 2, as follows: 5.25, 10.5, 21.0, and 42.0 w2 'gm
of bread, or 4.3, 8.6, 17.2, aud 34,4 pe ‘am of dict. The 2 levels
of added ferrie ehloride iron were made the samne as the infer-
mediate lovels of ferrous sulfate, Lo, 105 and 21,0 pe ‘em of
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bread or 8.6 and 17.2 pe/am of dict, in order to permit eom-
parizon of these 2 highly available iron preparations.

The iron contents of the various diets are given in table 2.
The extrancous, non-hread iron in the diets wax only about
2 pg/em. Diet 12 was prepared by addition of ferrons sulfate
to the negative control diet 1 at a level of 244 pg of iron per
am of bread, or 200 pg,‘gm of diet. This provided a positive
control to demonstrate the maximum rate of hemoglobin re-
generation permitted by the hasal diet in the pres=ence of an
amount of available iron known to he well within the optimal

range.
TABLE 2

Lron contcinls of breuds and dicts.

BREAD x0 RON IRON

GROUVE - —_ - CONTENT CONTENT
Compound added 1ron added RATS OF LRFAD OF DIKT

- u!dn T PRt i ng'am
1 None (neguative control) 4 120 11.0
2  Ferrie orthophosphate 8.4 S 204 18.8
3 Ferrie orthophosphate 21.0 8 33.0 202
4 Ferric orthophosphate 323 : 9 4.5 S
5 Ferrie orthophosphate 131.2 10 143.0 118.0
6 Ferrous sulfate 53.25 9 17.2 16.2
T Ferrous sulfate 10.5 9@ 25 2005
8 Fuerrous sulfate 1.0 10 310 RIS
9 Ferrous sulfate 2.0 9 34.0 5.0
10 Ferrie ehloride 10.5 9 2.5 0.5
il Ferrie chloride 210 10 33.0 260

12 Forrous sulfate

(positive  control) 2440 7 236.0 212.0

Animal coperimentation

Albino rats of the Sherman strain were prepared for ivon-
deficieney ~tudies by speeial feeding preeantions generally
similar to those deseribed by Elvehjem and Kemmerer ('31).
At about 25 davs of age the weanling rats were vemoved to
individual galvanized.eages in which there was no exposed
iron or rust. Anemin was induced by feeding certified cow’s
milk supplemented with cuprie sulfate and manzanous <l

n 1 . i g L I T ) W
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per liter. After the rats had been on the iron-depletion diet
for 33 days, hemoglobin determinations were made on tail
blood by the alkaline hematin method, as adapted for the
Klett-Summerson colorimeter. Exeept for 12 xomewhat ve-
sistant animals, the rats were found to be ~ufliciently anemie
for test purposes, ie., the hemoglobin values weve 2.5-0 gm/
10¢ ml, with an average of about 3.9 am 100 ml.

The animals were divided into groups of 10 rats cach, ex-
cept for the positive control group 12, which had only 7 rats.

“Weight and sex distributions were similar in the varvious

groups. Qccasional mortality during the experiment reduced
the numbers slightly, so that the final test groups contained
8-10 rats each, as shown in table 2. The experimental diets
were then fed for 4 weeks, hemoglobin determinations and
weighiugs being made at the end of cach week. Groups 1, 2,
3, and 6, which were regencraling hemoglobin at slow rates,
were continued on experiment for as long as 9 wecks for de-
termination of the length of time required to reach a hemo-
globin value of 10 gm,100 ml, i.e., cloxe to the heginning of the
normal range.
RESULTS

Ferrous sulfate and ferric orthoplosphate

The general nature of the results of the comparison between
ferrous sulfate and ferric orthophosphate is shown by the
hemoglobin curves in figure 1. The rats fed the negative
control dict and the 2 lower levels of ferrie orthophosphate
Lad not shown any increase in their hiemoglobin concentration
values by the end of the first week. IHowever, sinee the values
did inerease during subsequent weeks, the readings at 1 week
did not appear to offer a suitable hasix for a valid comparison.
On the other hand, some of the aniinals in the faster regen-
erating groups had already reached the normal runge of hemo-
slobin values by the end of the sceond week. C‘onsequently,

the interpolated value for 1.3 weeks appeaved to be the most

sengitive point for comparison. When zome later point on the

T LI . DI )
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available forms may not be so marked or indeed may no longer
be evident. With minor exeeptions, the general trend of the
rosults at 1.5 weeks is confirmed by the curves for other points
during the test. The marked quantitative superiority of fer-

rous sulfate iron over ferrie orthophosphate iron is readily
apparent at the various levels of enrichment.

- & [
Shteatenn|
57 FePOUINT ve Fe .
14 i' 18 weasn
2 Fu50, 21.0 vy Fo g7 —
- ropay 525 09 Fe S
s Fo30q 105 g Fe e
L 3
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; FePO, 21058 Fo z 4 ’
’
a, _FePOs 0.470 Fo 3 ’
g 'flu“hu tonteal z 3 S’
! g 1 ’ FePgy
« ¥o o &
2 3 4 030 40 80 160 520 10 30 40 80 180 320
TINE - IN WEEKS ADDED IRON INTAKE — N y6/GM WEIGHT GAIN
Figure 1 Figure 2

Fig. 1 Hemoglobin regeneration curves of anemic rats fed the indicated levels
of ferrous sulfate iron ( ) or ferrie orthophosphate iron (-=-—-), as supplied
by enriched Lread. Negative and positive control curves are also shown. All points
were corrected to an initial hemoglobin value of 4.0 gm 100 m! of blood.

Fig. 2 Dosage response curves at 1.5 wecks and at 4 weeks of anemie rats fed

ferrous sulfate iron or ferrie orthophosphate jron, as supplied by enriched bread.

The ferrie chloride points are shown by the eircled dots.

The initial hemoglobin values, as listed in table 3, show
{hat the various test groups were at approximately the same
degree of ancmia at the start of the experiment. The mean
hemoglobin gains and iron intakes after 1.5 weeks and 4 weeks
are also given in table 3. These data were used to arrive at a
definite fienve for the comparative availability of ferrous
culfate and ferrie orthophosphate in the following way. The
total hemozlobin gains were corrected for the hemoglobin
aain of the negative contro! {uroap ). el the total iron in-
{akes were corrected Tor the tron iutake due 1o the diet itself
withoutl added fvon (1LY pe ). Thix permitied calenlation
of hemoglohin gain per px of added iron utake. The added
iron intakes wore also corrected for the minor ditferences in
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GROUT

SREAD

Compoind ahibert

None

(negative eontrol)
Ferrie erthophosphiate
Ferrie orthophosphate
Fervie orthophosphate
Ferrie orthophosphate
Ferrous sultane
Ferrana sultfute
Ferrous salfate
Ferrous saltafe
Ferrie ehloride
Foerrie ellovide

Ferrous sulfaty
(positive control)

TABLE 3

Reaponses of rals to various sonrces and levels of iron.

INtTIAL, WT: GAIN (AV)) FOOD CONSUMMP.  IRON INTAKE HEMOALOKIN GAIN

. " INTTIAL .
1‘.1':‘1'-'11 s .‘:f) “l-ie':. W:N. 1.5 ::N 4( ";"k: 1.5 w:" ')4 wha. """,':"‘”"“’;‘"" mﬁ:rf\i{jﬁ:f Cwkn,
Wrww wm gm um gw/den gmidey walden salden gm/100ml  amitonwl  pwitoomi
H] HIH 33 121 0.8 113 17 134 3.9 048 += 026 5.09'* 0.33
S ~ R4 36 20 0.4 1 177 231 300 0.69 % .52 3.99 *= 0.44
210 ~ 100 34 20 21 11.4 2643 333 4.01 0.68 = 0,33 .64 = 0.64
S H o2 45 111 10.5 12.9 3T U8 1.86 2.96 + 051 8.31 & 0.57
1312 10 A 46 106 1. 129 1389 151K 388 4.99 *= 0,76 11.11 = 0.4
5.5 9 0 :m' 04 10 117 176 ' 190 A.N7 1.79 %= 034 184 * 0,22
10.5 i 1ot 46 106 I 2.2 232 250 3.9 2.30 -t 0.7 T.82 + 0,63
2100 10 R4 44 100 10.5 12,2 307 350 3.07 4.57 = 039 0.48 > 0.63
420 00 03 46 96 11.0 129 495 580 3.81 .43 = 028 11.62 = 0.51
(1) 9 A 0% L] 9.2 111 188 228 4.17 2.64 4 045 4.62 = 0.3
210 10 80 36 89 @5 113 277 330 3.?15 4.00 % 0,29 10,77 +- 0.34

11.53 >+ 1.8

244.0 7 84 45 101 8.7 1. 1843

2352 3.39 0.23 = 0.75
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the average weight gains of the groups, although =such corree-
tion did not modify the final conelusions.  This permitted
ealeulation of hemoglobin gain per pg of added iron intake per
am of weight aain, The resultant dosage response values,
illustrated graphically in figure 2, were then compared statis-
tically by the method of Waddell and Kennedy ('47).

At 1.5 weeks ferrie orthophosphate iron was 19.6 (== 2.4) %
(mean = S.K.) as available as fervous sulfate irvon if the
lowest ferrie orthophosphate value (group 2) iz omitted from
the caleulation. This may be done on the grounds that the
latter point appears to be below the sensitive portion of the
dosage response curve. Iowever, comparizon of the 2 iron
sources without omitting the group 2 value does not change
the result markedly, though the standard error does not give
<o frue a picture of the agreement of the data. Calenlated to
include all points at 1.5 weeks, fervie orthophosphate iron was
21.2 (+ 6.8)% as available ax ferrous sulfate iron.

At 4 weeks fervie orthophosphate iron wasx 23.2 (= 2.0)%
as available ax ferrous sulfate iron. As indicated previously,

the latter time does not really give a valid comparison, but it

has been included to demonsirate the marked differences in
availability which exist even at thix less scusitive point.

The excellent agreement between the groups fed differing
amounts of the same added iron souree ix demonstrated in
figure 2. Axide from the 1.5-week value for group 2, as noted
above, the points fall very nearly on straight lines.

The statistical significance of the differences between the
individual groups was defermined by caleulation of the stand-
ard error of the difference hetween the mean hemoglobin gains
hoth at 1.3 weeks and at 4 weeks, comparisons heing made for
all aroups. A velatively high criferion of significance was
adopted by hasing conclusions only on P values ot .01 or less
(i.0.. probahility of the difference heing fortuitous equals 1in
100, or less). The results of this analysis showed that the
previously mentioned diffevences in mean hemoglobin gains
Letween the Fereie orthophosphate and ferrous ~ullate groups

P—— 1 .
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(FeSQ, iron 10.5 pg/gm) was significantly superior (P=
0.003) to group 3 (Fel?0, iron 21 pg/gm), and was not signifi-
cantly different (P=0.3) from group 4 (FePO, ivon 52.5
ug ‘gm). Likewise, group 8 (FeS0, iron 2 pg/gm) was greatly
superior (P == < 0.001) to group 4 (FePO, iron 32.5 pg/gm),
although not significantly superior (P =0.09) to group 5
(FePO, iron 131.2 pg/gm). The vesults of the analysis at 4

weeks were almost as significant.

TABLE 4

Rates of hemoglobin repeic ration, bascd wpon duys requircd to rcach hemoglobin
valwe of 10 gm per 100 ml,

LATE OF HENOGLOBIN

O] —— RREAD . “y REGENERATION
uwove Compound added Iron udded e "f‘:%':,‘;.ﬁf‘%?'
nglgh

1 None (negative control) . (LAY 0

2 Ferrie orthophosphate 8.4 174 -3

% Ferrie orthophosphate 21.0 378 6

4  Forrie orthophosphate 52.5 20.3 - 18

5 Ferric orthophosphate 131.2 10.7 2

¢  Ferrous sulfate 3.23 28.7 11

7 Ferrous sulfate 10.5 18.9 21

< Ferrous sulfate 21.0 124 36

o Ferrous sulfate 12.0 9.8 17

10 Ferric chloride 10.5 20.1 19

11 Ferrie chloride 21.0 133 33

12 Ferrous sulfate
(positive control)

244.0 5.4 100

The results were also ealeulated in terms of the number
of days required to reach an average hemoglobin value of 10
«m 100 ml, which is close to the normal range (sce table 4).
The various groups were then rated for pereentage of optimal
Lemaglohin regeneration by compavizon with the positive con-
trol, group 12, which contained a known excess of ferrvous
adfate. A correction was made for the hemoglobin regenera-
tion eontrilmted by the iron present in the diet without iron
cnrieliment (wroup 1, negative control hread). By this method

1 . 1 : ]
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fate iron was approximately 4 to 6 times as effective as ferric
orthophosphate iron. Statistical treatment of these data by
the previously mentioned procedure (Waddell and Kennedy,

*47) showed ferrie orthophosphate iron to be 172 (= 6.2)%

as available as forrous sulfate irou. This is in general agree-
ment with the eomparison based on hemoglobin regencration
at 1.5 wecks.

Ax <hown in table 3, all of the groups of rats grew well.
The weight gains of the various groups differed little and thus
were in marked contrast to the wide variations in hemoglobin
regeneration. Likewise, the differences in food consumption
were small, corresponding generally to the small differences
in weight gains, and could not account for the large differences
in hemoglobin regeneration. In addition, several ferrous sul-
fate rats were pair-fed with ferric orthophosphate rats to
maintain the same individual food consumption. The ferrous
sulfate animals again proved much superior in hemoglobin
vegeneration. A comparizon of iron intakes and hemoglobin
gains ( sce table 3) emphasizes the superiority of the hiological
availability of ferrous sulfate iron over that of ferrie ortho-
phosphate iron.

Ferrous sulfate and ferric chloride

The cumparison of ferrous sulfate and ferrie chloride at 2
levels showed these forms of iron to be equally effective for
regeneration of hemoglobin. The curves for the 2 compounds
are practically superimposable, as may he seen in figure 3.
Further evidence of similavity is presented by the hemoglobin
enins in table 3 and the hemoglobin regeneration rates in table
1. Caleulations were made for the standard error of the dif-
Ference hetween the mein hemoglobin gains. The analysis at
1.5 wecks showed that there was no signifieant differcuce
(1 == 0.56) helween group 7 (FeSO, iron 10,5 px ‘om) and
croup 10 (FeCl, ivon 10,5 pg ‘wm), Similarly, there was no
sienitieant ditterenee (P -= 0.27) hetween ronp 8 (FelO, iron
D1 e i) ol oronn 11 (FeCL iron 21 pe 'em). The analysis

3y -——
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difference between the ferrous sulfate and ferrie chloride
values. The highly available ferrie ehloride iron, like that of
ferrous sulfate, was 4 to 3 times as effeetive ax fervie ortho-
phosphate iron (=ee fig. 2). This study indicated that results
hased on fervie chloride standards should be directly com-
parable with those hased on ferrous sulfate standards.

ya FeCly21010 Fe
14 S
o s~ Fa50, 21059 Fo
2 *’)"/ FaCiy 105pgFe
§'1 = ,/' Fe80,108vg Fe
7
L
:co :' .
1 4
z i’
E Y A
/i
e 4}
i/
w L l'
z " /)
-‘J
<
' 2 3 4

TIME - IN WEERS

Fig. 3 Uemoglobin regencrution curves of anemie rats fed similar levels of
ferrous sulfate iron (—-——) und ferrie ¢hloride iron (—=—=~-}, as¢ supplied by
enriched Dread, Al puints were correeted to an indtial hemoglobin value ~of 4.0
gm,/100 ml of blood.

DISCUSSION

Several experiments have now been reported on the utiliza-
tion of ferric orthophosphate iron in rats. Although Day and
Stein (738) did not attempt a truly quantitative comparison,
their results in a single-level study indieated that ferrie
chloride iron was approximately 4 times as available as ferric
orthophosphate iron. In their single experiment, Freeman
and Burrill (*45) found ferric orthophosphate iren to be prac-
tically as effective as ferrie chlovide iron. Inasmuch as Free-
man and Burrill report only the final hemoglobin values at the
end of 28 days, a time at which the groups were already well
within the normal hemoglobin range, it ix possible that differ-
ences oceurring at 1 to 2 weeks were no longer apparent. In 2
previous single-level experiments, Bluwherg and Arnold ('47)
found ferrous sulfate iron 1o be more than twice as available
as ferrie orthophosphate iron. The present investigation at
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conditions of these experiments, ferrous =ulfate iron or ferric
chloride iron is approximately 4 to 3 times as available for
hemoglobin regeneration as ix ferrie orthopho=phate iron. It
may he noted that McCanee et al. (*43) observed in human
subjects that the addition of dizodium pho=phate to bread de-
creaxed the absorption of iven. Caution must be exercised
against confusing ferrie orthophosphate itself with prepara-
tions in which the ferric orthophoxphate has heen solubilized
with sodium citrate, e.z., Soluble Ferric Phosphate, N. F.VIII
{National Formulary, 46).

The magnitude of the enrichment program justifies a thor-
ough appraisal of the as~imilability of the iron =ources in use or
proposed for use. Although the yesults of rat experiments are
not applicable to man with certainty, these investigations with
enriched bread strongly suggest the advisability of seeking
better sources of iron than ferrie orthophosphate for hread
enriclnnent. The clinical findings of Moove and coworkers
(*39) =uggest that in man also ferrie orthophosphate is poorly
atilized as compared with ferrous sulfate. Certainly further
studies upon the eflicacy of ferrie orthophosphate in Loth ani-
mals and man should he condueted if its nse is to be continued.
From a nutritional standpoint it would appear safer to use an
iron source already known to be highly efficacions in man, such
as forrous sulfate, reduced iron, or other preparations of com-
parable availability. In order that the consumer may secure
the full benefit of the enriclunent program, it is desirable that
highly assimilable forms of iron be used in hread and flour
enrichment,

SUMMARY

The biological avatlabilities of the iron in ferrous sulfate
and ferrie orthophosphate have heen compared on the hasis
of hemoslobin receneration in rats made anomice from iron
deficieney. A secondary comparison wis made with ferrie
chlovide, The ivon conmpounds were Ted in the form of en-
violied bresde. and multinte levels of iron envichment were

S
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Under the conditions of these experiments, ferrous sulfate
iron was 4 to 5 times ax available as fervie orthophosphate iron
when both compounds were tested at 4 widely spaced levels.

When compared at 2 levels, fervie chloride ivon was equal
in biological availability to the lighly effeetive forvous sulfate
iron, or 4 to 3 times as available as ferrie orthophosphate iron.

Aftention is ealled again to the desirability of using highly
assimilable forms of iron in Mour and bread envichment, so
that the consumer may secure the full henefit of the enrichment
program.
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FERROUS SULFATE POISONING

Report of a Fatal Case

By Lieut. LERoy K. BRaNcH, M.C,, US.N.R.
Key West, Fla.

FERROUS sulfate has been considercd a nontoxic drug, regardless of the amount

ingested. Medicinal iron is not mentioned as a possible cause of fatal poisoning in
textbooks of pediatrics or pharmacology. :

) The purpose of this paper is to report a case of ferrous sulfate poisoning with fatal out-
come in a 29 month old child. .

REVIEW OF THE LITERATURE

Only a few cases of iron toxicity were reported before 1947. Thuse were reviewed by

Smith, Jones and Cochran® in 1950. ,

Veeder? reviewed 8 fatal and 8 nonfatal cases ¢f poisoning from accidental ingestion of
medicinal iron reported since 1947. Smith's cditorial® pointed out the importance of
) knowing the potential toxicity of ferrous sulfate and other medicaments containing iron.
s Forbes* initiated current interest in this problem by reporting two fatal cases of ferrous
sulfate poisoning in 1947. Later by experimentation he cstablished the lcthal dose of
‘:_ ferrous sulfate in cats as 0.065 gm.;64 gm. body weight. Thompson™ * reported two fatal
' human cases in 1947. He recorded four other cases in 1950, one of which was fatal.
Foucar et al.’ reported a 26 year old man who died three hours aftcr ingestion of onc-
fourth pound of ferrous sulfate. Roxburgh* made no claim for the value of 2,3 dimer-
(\ captopropanol (BAL) used in the treatment of a 16 month old patient who recovered
o from iron poisoning. Lindquist® rcported a nonfatal case of ingestion of ferric chloride
tablets and mentioned 2 nonfatal case of Magnussen’s which had not been reported.
Smith, Jones and Cochran' described a case in a 17 month old child with autopsy

findings.

Murphy and his associates'® recorded the recovery of a 30 month old child after
ingestion of 15 gm. ferrous sulfate (1.28 gm./kg. body weight). Spencer'! described
cight cases of iron poisoning in the British literature. Four of these were fatal. The
number of reported cases of iron poisoning in children totals 25 since 1947 with the
recent description of one fatal and two nonfatal cases by Duffy and Dichl'* and a fatal
case by Swift and associates.’* Twelve of the 25, as well as the one case in an aduly,

~:ded fatally.

-

CASE REPORT

D. J., 2 29 mo. old white male, was found eating ferrous sulfate tablets. He was scen by anotha
< ysician, who favaged the stomach within V5 hr. after ingestion of the tablets. Pationt was ablowed

go home when a normal physical condition was determined. Physician did not know what ameunt
‘ drug had been ingested. :

From the Department of Pudiatrics, U. S, Naval Haospital, Key West, Fla.

Submitted for publication with the approval of the Commanding Ofticer of the UL 8. Naval
lospital, Key West, Fla. The opinions presented in the article are the author's and are ot to be
nsteued as official or reflecting the views of ke Navy Departient o the maval serviee Al large.

(Received for publication July 15, 1952.)
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. were present. Mucous membranes and nail beds were intenscly cyanotic, W

FERROUS SULFATE POISONING : 679

After the child returned home, vomiting, hematemesis and lovse black stools appeared. Cyanosis
was noticed about 1 hr. later. At time of admission to hospital (31, hr. after ingestion of tablets)
he was comatose and appeared moribund. There was no response tu painful stimuli and no reflexes
idely dilated pupils
responded very sluggishly to light and corneal seflexes were absent. Respirations were fast, shallow
and irregular. Heart beat was faint and irregular. The abdomen showed moderate distention, but
no palpable organs or masses. Large brownish-black tarry stools were passed during examination.

Oxygen, external warmth, suction, intravenous fluids and blood were given as soon as possible.
Death occurred 1 hr. after admission, 4V br. after ingestion of iron tablets. Blood studies for
methemoglobin as well as other laboratory data were not obtained due to presence of extreme shock.
Postmortem toxicologic studies showed no poisonous agents other than iron.

“Recheck of history indicated that more than 60 and possibly up tu 75 ferrous sulfate tablets (1.87
gm./kg. body weight) had been ingested. These 0.3 &m. tablets contained no other active ingredients.

Aurorsy FINDINGS?

Body was that of a well developed. and well nourisBed boy weighing 13.5 kg., and measuring 92
em. in length. Cyanosis of head, shoulders. fingertips and toes was intense. Petechial hemorthages
were present over head, neck and chest. Edema of neck and generalized serous effusions were present.

" Marked pulmonary edema without infarction was present. Right side of heart showed acute dilata-

tion. Hemorrhagic, necrotizing gastroenteritis involved stomach. small and large intestine, and even
rortions ¢f appendix. Submucosal venous thromboses with jron pigment depusition were demon
strated in numcrcus arcas of stomach. (See Figs. 1-3))

Disc.vssion

The history presented here of accidental ingestion of large amounts of iron by a small
child is typical of most previous case reports. Characteristic vomiting, hematemensis, fre-
quent tarry stools, vasomotor collapse. and cyanosis were present in this case, Part of
the pathologic picturc of pulmunary cdema, acute dilatation of the right side of the
heart. and cdema of the neck may have been caused by intravenous fluids admiinistered-
near and after death. The finding of hemorrhagic gastroenteritis with necrosis and
slough has been recorded in most previous reports of 1ron poisoning. Gastric submuc 0sal
venous thromboses with iron pigment were demonstrated in this casc.

It scems strange that a long and widcly used drug su.h as ferrous sulfate hud not
been incriminated as an important fonson until 194~ It 1 hikely that other cases have
been unrecognized or unreorted. ‘

Prevention of poisoning is paramount in therspy. The public. as well as all physicians.
should be aware of the rotential dunger from ingestion of medic ation contaning iron.

Thompson®* found th.t emesis may rid the stomach of s5on tallets even a5 Late 2 one
hour after mngoetion, He belioved that gavsr lay age with bicirbonate solution converted
the jrun 1o the Jes innting ferrovs arbonste and abo dloted the porson. Possibly
feeding of raw cees. mdk or bivmuth prepasations would hedp protec the me osa. Edge
nd Somers* found i work dene on ot BAL-ron omitrLrons 1o he MO WXk

than iron alonc. Treatmont of vasglar colipse weh oo plosme and other fuid s
Mportant The use of onvvpen wnd oftr sipporing ruasens o helria!

. NUAAAKY
A faual Qase of ferrous sultate posoning in . 29 ot ols Bov b L topay sndee g
55 recorded. He died approximatcdy 41 hours after mpastion of Jhowt waee wdve OB
8m. ferrous sulfate tablets (1.57 gm. kg, body weight) Sipns of ~ever gastiv miegom!

el

- * Au—topsy performed by Licutenant Commander C. G. Bratenahl. MC USN.
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irritation were followed by «yanosis and peripheral vascular collapse. Hemorrhagic gastro.
enteritis with mucosal slough and submucosal venous thromboses were demonstrated post
mortem, Prevention and measures for correction of shock were emphasized in discussion
of treatment. This case report should re-emphasize the potential danger of iron poisoning.
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SPANISH ABSTRACT
Relato de un Caso Fatal de Intoxicacién por Sulfato Ferroso

Se preseata un o fatal de intoxicacion por ingestion accidental de sulfato ferroso en un nifio
do 20 moses de edads El enfermo murié a las 415 horas aproximadamente después de la ingestion
de cerva de 78 tabletas do 030 gramos de sulfato ferroso (1,87 gramos por kilo de peso corporal).
Prescaso sintomas dedrritadién gastrointestinal severa seguidos de cianosis y colapso vascular
poaitin s cocontrindose histopatoldgicamente gastroenteritis hemorrigica con esfacelo de la mucosa
votroemhosis tenosas submucosas, '

Seoenfatizg en ol tratamicata ¢l uso de <angre, plasma, liquidos. oxigeno, etc. para el colapso

sasaular vl peligro potendial de laintoxicadion por hicrro, debicndo prevenirse al poblico de esta
eventualidal

(.S Nai! Hopital
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A METHOD FOR COMPARATIVE STUDIES ON 1RON ABSORP-
TION IN MAN USING TWO RADIOIRON ISOTOPES

By

HANS BRISE AND LEIF HALLBERG

INTRODUCTION

The amount of iron absorbed at one
erasion can Le accurately determined
wing available radioiron methods® % 3- In
wmparative studies (e.g. the absorbability
of different iron compounds) other metho-
tulogical problems will arise. When com-
taring the absorption of iron in two groups
o individuals treated in different ways,
the great variation in absorption between
individuals will make the results from such
“udics very difficult to interprete even
*hen using accurate methods to determine
the absorption. Because of this, com-
Mrisons huve often been made in the
‘ame subject. However, great variation
™ the al,«orption of iron occurs not only
.t“'('(en wdividuals but also within a
‘Ingle individual on different days. Both
these ~cure ¢iy of variation were considered
*hen 1y present method for comparative
$tudies on sron absorption was designed.

The wetiiod was based on a repeated
“ministarion of iron to cach individual
one oge i cach of 10 days), giving on
Merage days two iron compounds, cach

compound labelled with a different radio-
iron isotope (Fe* or Fe ). Determinations
of Fe% and Fe®® activities were made in a
blood sample drawn 2 wceks after the last
oral iron dose, when an optimal utilization
of absorbed iron for hemoglobin synthesis
could be expected to have taken placet—7,
From these determinations the relative
absorbability of the two compounds could
be calculated. By giving repeated iron
doses (5 doses of each compound on alter-
nate days) the error due to the variation in
absorption on different days could be
reduced by more than half, and by making
the comparisons within the same subject
the variation in absorption between in.
dividuals was eliminated.

In 1958 a preliminary report was given
on the method®. In the present paper the
details of the experimental procedure are
given and the validity of the mecthod is
more thoroughly tested. As an example of
the application of the mcthod, a study of
the relative absorbability of ferrous- and
ferric iron is included. ’



MATERIAL

Sixtvtwo subjeets were included in this
study. One subject (1-M-T) had a hyper-
nephroma  without demonstrable meta-
stasis. Once =ubject (26.M.BII) had a
Biliroth IT gastric resection several years
ago. Three subjects had an iron defi-
cieney anemia after acute blood loss (ID).
The other subjects were healthy volun-
teers (N), some of whom had served as
‘blood donors (BD). In the tables (M)
denotes male and (F) female subjects.

PRINCIPLE OF METHOD AND
EXPERIMENTAL PROCEDURE

The experimental design is outlined in
figure 1. Unless otherwise stated, the same
amount of clemental iron was given every
morning for M) davs after an overnight
fast. The iron wax labelled with Fe3 and
Fe* on alternate days, When comparing

ferrie and ferrous iron. for instance. the -

compounds were fabelled with  different
radioiron  isotopes and  were given on
alternate day <. To rednee systematie errors
the first iron dose was alternately labelled
with Fesanud Fe and was also alternately
ferrons and fervie iron. From analvsis of
Few and Fe activity in a blood sample
drivwn 2 weeks after $he last oral dose the
meinn absorption ratio was ealeulated.
Foch subijeet received a4 hox containing
o vovceentively numthered 20 ml flasks

sorowere taboen o onder Detaided written

and oral instructions were given for 1,
experiment.

The iron solution was taken direy
from the flask. This was then filled Wiy
tap water and the rinse water wa. %
taken. This procedure was repeate| s
that the total volume consumed wi. b1
ml. No food or drink was taken for an
additional two hours.

The residual radioactivity in the flagk
was less than 0.5 per cent of the oriving!
content. This determination was niide
using a scintillation detector with ¢4 &
inch. X 6 inch. plastic erystal with a weitlo
contain the whole flask. -

ORAL IRON DOSES

The ferrous iron in this study wes
FeSO, - 7 H,0 (Merck, pro analysi). The
ferric iron content was less than 1 pereent
as found by analysis using the thioeyante
methodte, :

The ferric iron salt administered vas
Fe, (SO,), 6 H,0 (Union Chimigue el
pour analyse}).

The volume of the solution in éch
flaxk was 25 ml and contained 30 mx ‘:7(
elemental iron. 10 mg of ascorbic aci ¢+0
prevent oxidation of ferrous iron — né
ascarbic acid wax added to ferric ™
solutions), 4 grau of sucrose and 4 .'.'“('
of eadiviron. hn the solutions contain™
5 myg of iron the ascorbic acid conseent

wits reduced proportionally to 123
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freshily boiled diztilled water was used in
wreparation of the =olutions and nitro-
was bubbled through the solutions in
flasks before elosing. The ferrie jron
et in the ferrous sulphate solutions
thise 25 il flasks was dess than | per
oo after 4
Rrature.

6 weeks storage in room

e Fes and Fedt was obtained from
Abott Laboratories, Quk Ridge, Tennes.
see S A as a solution of Fel 1y (pH liess
Hax 1.5). The specifie activity of Feo' was

F= 3 microcurvies per microgram and the
FEie activity of Fe was 23 micro-
ST er micrograan respeetively. Stoek
Sons of Feis aud Pest in 002 N HCL

w'ii"i"g 23 nC of radioiron per ml
“ﬂ&m»,. N

pared from the original solutions,
B *final pH in the administered solu
TR was 25, The total of

administered to each subjeet

amount
; Mativigy

-JLELELELE

ORAL DOSE

¢

LABELLED IRON
Fess

BLOOD SAMPLE

Fe'?

FeSs

HEMOGLOBIN IRON (ABSORPTION RATIO)

Fig. o Experimental design,

wax lesx than 25 ¢ Fe3® and 25 4C Fe®s,

As ferric chloride was used to label
the ferrous sulphate the isotope exchange
was tested. An acid solution containing
the two compounds was transferred to a
separatory with
isapropvlether. which will extract only
ferric ions under the conditions used?.

funnel and  extracted

A complete exchange was found to have
taken place as the radioactivity in the
iropropyvlether kayver was less than 2 per
vent of the original amount.

RADIOACTIVE ANALYSIS
From the hlood sample (156 ml. dvawn
in 50 ml ACD-solution?) 2 weeks after the
last oral iron dose. four samples each

Y obc 2 g of sodbei carvate, 0o ©oof citeie el

Pt o oof slucose 1o Btant winh water.
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iron clectroplated and the Feo nd B
activity determined  as previously  de-
seribed!!. The mean values obtained were
used.

Standard solutions were prepared from
the described stock radioiron solutions.
Two milliliters of stock solution were
transferred 4 times to a 1 000 m] measuring
flask using the same pipette as that used
in preparing the oral doses. The flasks were
then filled up with 0.02 N HCL

A known amount of the standard solu-
tion was digested with inert iron (to give
5 mg of iron) and electroplated together
with the unknown samples. From each
standard solution 6 electroplated reference
samples were made. The unknown sam-
ples were measured together with the
reference samples in an automatic sam-
ple changer.

CALCULATIONS

The Fes and Fe®® activities per 5 mg of
jron in circulating red cells were deter-
mined according to formulas given in an
earlier paperi!,

The amount of absorbed iron labelled
with Fe% or with Fe® in circulating red
cells was calculated from the activities
of Fe% and Fo®® in the administered doses,
and from the activities in the blood
acvanling to the following equation:

a-Db . .
T F TFe........... 1
where )
i per vent of the administered iron

in the cireulating hemoglobin

-

ar Fe*),

F = observed radioactivity (Fess or
Fe®®) per milligram of iron j,
blood

TFe = total amount of circulating he.
moglobin iron in milligrams

TFe was calculated from the estimated
blood volume (males = weight in kiln.
gramsx74.2; females = weight in kilo.
grams X 65)%¢, the hemoglobin concentra.
tion in the blood and with the presumption
that 1 g hemoglobin contains 3.3¢ milli.
gramd of iron accordingly. Hemoglobin
was determined as cyanmethemoglobin!®.

- BV -Hb - 3.34
e = 100 RELPS 2
where

BV = estimated blood volume in milli-

liters

Hb = hemoglobin concentration in
grams per 100 ml blood.

When two compounds were compared
in this experimental design a figure of the
relative absorbability of the two com=
pounds was obtained according to the
following equations:

where

A = total amount of absorbed irop .i"
per cent of the amount adminis
tered

k =- fraction of absorbed iron in the
circulating hemoglobin mass

a was calculated from Equation 1.
and,



. Absorpmon ratio;

Ags _ _F_‘gg_' Dgy - kg
Ag T Fyy Dy ku._

where o

sand Agy = total amount of alisorbed
iron labelled with Fe® and
Fef* respectively in per
cent of the amount of iron
administered,

ind,

Dy sud Dyy = total amount of adminis-
tered Fe®and Fe¥®respect-
ively. ’

Assaming that the difference of the
werage internal distribution of absorbed

40k oW JMM«?' e
kyo = kggf the absorption ratio/can be
calculated from the simplified equation.

Ass  Fos- Dig
Agy  Fyo: Dy o

Absorption ratio == 5

It is obvious that the accuracy of the
estimation of TFe does not influence the
accuracy of the absorption ratio. The
figures for “Absorption” given in the tables
are calculated from the estimates of TFe.
Because of this fact these figures are not
true expressions for the total absorption
since only‘the absorbed iron utilized for
red cell formation is included. The “Absorp-
tion” figures are given only to facilitate
comparisons between individuals.

Fe¥
RATIO Fort
e o
4 (]
w0 o. . °°.,o . o o °
o © [ ] L
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IRON ABSORPTION .

'f=;. 2. Prevision and aceurney of method. Absurption ratio of Fe** labelled and Fe** labelled
“tous sulphate administered on abternate duy= for 10 days. (Each dose was equivalent to 30 mg
‘ elemental iron.) Obwerved absorption ratio values were plotted against estimated abeorp-
‘o, Results in subjects starting with Fe™ were indicated us dots e, in those starting with Fe’*

as rings ©,

11



'
L P O P ™

CONTROL STUDIES day variation in the absorption of iroy

and (b) the variation of the internal disy;.

Even when the foregoing experimental  bution of the absorbed iron to erythe,.

design is used. the aceuraey of comparisons  poiesis and storage. In order to be able ¢,

of the absorbability of different iron calculate the magnitude of the total variy.
compounds is limited by (a) the day to tion the following studies were made.

TABLE 1

Precision and accuracy of method. Administration of Fe** and Fe*? labetled ferroux sulphate administe, .
on alternate days for 10 days. Each dose equivalent to 30 mg of elemental iron,

' ; *ABSORPTION™ ABSORTION RATIO
‘ ! (per ceut) ' Ko Fese
SUBJECT First dose - e e = -
‘ i : s Foi Individual Mean
; value value
1 i
| | I-M-T Fed® 0.7 0.9 080
2.M-N Fes 8.7 7.8 L.t
3-M.BD Fesd 8.5 .7 [| XT
4-M.N ; 120 11.4 | 1T
' sMBb | Fes 13.6 125 L.og
' : 6M-BD | Fess 18.9  ER Lo
' P\ ' 7-M-BD Fed 34.2 32.7 1.u5
" : R.M-BD Fess 34.2 334 [ E
‘ 9.k .-BD ’ Fed? 36~ 348 (IR 31)
’ 10.M.BD l Fes» i 375 ; 370 000 l.00
! TRIBY Foor : ERT 3.2 o7
12 M.N Fanw : 5.6 3.7 ! 0,ux
1M.N . b 6.5 .7 ' (DAY
14-F.X For Tl.s LN | i
1I5:M.BD Feer® 1. lo.~ . | NTH] f
1M Bh Fo | Y3 154 ; 1.0 i
| B S £ B o [TV | INH | XTH
) N1 Bb Foer T T Lo !
to M Iib [ O Isa 171 b
2u M Bh | SO 2t 210 k.o
kN I 330 A 0o
22 MB D | T RTI B | [
23 M 1D o NN iTe | T
)i 24 M-k oo T uz N Lei
% - AMarption vatpe: Meun value: bt
! 002

Standard ervor of mean:

-0.09
Ntandard ervor: 0
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iz, 3. Analyxsis of experimental ervor of methad, Absorption ratio of Fed* and Fe’® labelled iron
o single dose (30 e Fe) contaming kuown smountx of both isutopes. Results plotted against
estimated absorption. ’

Ferrous sulphate was given axa solution
coutaining 30 myr of clemental iron on cach
of 10 davs habelled with Fe oor Few
respectively on alternate day<. Ten sub.
rets started with Fe Jabelled iron and
foarteen subjects with Fe®® labelled iron.

-The obtained result< are given in table |
ad graphed in fivure 20 The mean value
ot the absorption ratio (Fo e labelled
woll) in those subjects starting with Fes
Bhelled iron wasx the same as in those
sharting with 1 labelled iron (1.oo and
10 respeetively).

To he able to enlentate that part of the
variation which i< due 1o a varying absorp-
‘@1 Al ternal disteibution of iron on
@iffereyy dayvs, the eaperimental ervor was
“lealatend iy 1he following way:

Nine subjects were given one 30 mg iron
dose of ferrous =ulphate labelled with
kuown amounts of both Fess and Fe®. A
bleond sample was drawn 2 weeks later and
the absorption ratio was caleulated as
deseribed previously, The results are given
in table H and in figure 3.

The standard error wax -2.2 per cent.
Beeause the ratio Fe% Fes* must be the
~same in the blood sample as in the dose
administered in this experimental design
the caleulated standard error must be
identical with the experimental error of
the methad.

This experimental ervor does not include
the variation of emptying and rinsing of
the flasks containing the ivon duses. How.
ever. this latter ervor is guite nepligible

13



tivity in the flasks tless than 0.5 per vent),

From the figures obtained for thie total
variation §,; (Variance = 0.008017,8 = +
0.09 -~ see table I) and experimental
error 8., (Variance = 0.000487, §= -
0.02 — see table II) it is possible to cal-
culate the sum of the real variation in
absorption and internal distribution of
absorbed iron (8,), using the following
formula for resolution of a variance in

two compohents.

Stz = Se:p’ + SI'

The calculated real variation in the
absorption and distribution of absorbed
iron was thus found to be 4-9 per cent —
variance 0.007530. This means that the
experimental error only forms a negligible
part of the total variation.

Analysis of experimental error of method. Ad.
ministration of a single iron dose (30 mg Fe)
conlaining known anounts of Fe'® and Feb,

»ABSORPTION"| ABSORP- I

SUBJECT |  (Percent) ];r ;gﬂ,
Fe¥ | Fe | Feb/Few '
25.M-N 0.7 0.7 0.96 l
26.M-B IT 1.8 1.9 098
27.M-N 2.1 2.1 loz
28-M-N 7.2 7.1 l.02
29.F .N 8.2 81 |.  1lo2
30-F -N 1.3 1.1 102
31.F-ID 25.3 | 25.0 Lot -
32.F JID 32.3 32,5 0.99
33-M.1D 53.0 53.5 0.99 i

Absorption ratio: Mean value:  1.00
Standard error of mean: | 4-0.01
Standard error: +0.02

TABLE IIX

Precision and accuracy of method. Administration of Fe* and Fe*® labelled ferrous sulphate administere:
on alternate days for 10 days. Euch dose equivalent to 5 mg of elemental iron.

| YABSORPTION” ABSORPTION RATIO
{per cent) Lol L
¢ SUBJECT First dose
. ‘ Fes Fo's Individual Mean
; value value
. |
34-M.N Fe™® '} .6 7.6 : 1.01
35.-M.N Fesd 9.1 - 117
36-\.N , Foss | .9 9.0 1.10
37 M BD Fobs B T 17.n iz .
35.M-BD Fok B X 357 103 1 1.0
B39.M-N Fent I3.0 o | B
I Y Foer 149.~ 7. 1.14
$1-M-BD ) | 4 270 320 0.~
42.F .BD i Fot? 470 [H W ([}
43MBD Few Coeha o, TN had ____f-j“,,
Absorption ratio: Mean value: ,'0.
Standard error of mean: 0.
iO.l(

14

Standard error:
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. 4. Precision and accurncy of method. Alsorption ratio of Fet labellod and Fe®® labelled

ferrous sulphate adimiuistored on alternate days for 10 days. (Each dose was equivalent to 5 mg

¢ elemental iron.) Observed nbsorption mtio values wero plotted sgainst estimated absorp-

dwn. Results in subjects sturting with Fe* were indicated as dots ®, in those starting with Fet*
as rings o,

s §, is obtained from a mean value
e 5 pairs of comparisuns the variation
In absorption and utilization of absorbed
wn from one day to another within
th- !ﬂlike individual can be caleulated
“f‘ 15x0.007530 ~ 520 per cent (coeffi-
et of variation).

~ The variation in absorption on different
%y was also studied when using 5 mg
4555, because xuch a dose i more closely
td to phyxiologieal conditions and has

' Tecommended as the most satis-
"’"".\' dose for testing iron absorption,
4 this series comprising 10 subjects the

SN dose was yiven for 10 davs in

the same way as in the first series. The
results obtained are given in table III and
figure 4.

The observed standard deviation of the
absorption ratio was 16 per cent. By reso-
lution of the variance in the two compo-
nents as above the variation in absorption
on different days within the single indivi-
dual using 5 mg doses was | 5%0.021794 =
= 435 per cent (coefficient of variation).
As found by an F—test the standard
deviation was greater when 3 mg doses
were used than when 30 mg doses were
used (p-20.03).

15
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Fig. 5. Absorption of ferric versus ferrous iron at different estimuted absorption levels. Each iron
duse wa~ egunivalent to 40 mg of elemental iron. (e indicate subjects starting with ferrous sul-
phate, o indicate subjects starting with ferric sulphate.)

COMPARISON OF THE ABSORP-
TION OF IRON FROM FERROUS
AND FERRIC SULPHATE

As an example of the application of this
double jsotope method a comparison of
the nhsofption of iron from ferrous and
ferric <ulphate is included in the present
putprer. o

It has repeatedly been shown, using
different methods that ferrous iron i< more

teadily absorbed  than ferrie jron?' =17,

Becanse of this a companison of ferrous
and tervic dren may also serve asoan
idivect eieel of the methed, Thae data on
the quantitutive importanec of the valeney
of iron are greatly dicerging, The present
method ean be expected e give nore
exact dnformation on the long debated
prebibomn,

a. Oral iron dose 30 mg.

Eight subjects were included in this
study. The solutions were prepared as
previously deseribed (ascorbic acid wims
not added to the ferric sulphate solution:
and each dose contained 30 mg of cle
mental iron, In five subjects the ferrows
iron was labelled with Fe®, in thow
subjects with Fed. In order to furthe”
reduce the possibility of systematic erros
in thiz comparison i subjeets started with
the ferrous dose and 3 subjects with the
ferrie dose.

The result~ are given in table TV ard
are illustrated i figure 5. In the fizwe
the absarption ratio ferric ferrous il"'f‘ 5
graphed Syrainst the absorption f" |r.-.‘\
from the fertous sulphate solution: Tie

e . an tie
termn ".'lhsnl]l‘ ion” i~ used to med
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Absorbability of ferric and ferrou

sUBJECT First dose
- - — =
{
44.-M-N i Ferrous iron®
45-M-N - ' Ferrie iron
46-M-13D " Ferrie iron®
47-M-BD Ferrous iron®
48-F -BD Ferrous iron®
49-M-BD Ferrie iron™
30-M-B1) Ferrous iron®
51-M-BD Ferrous iron
PERCENT
100 -
FéSQ
50

; ‘;. -\IINHI"

TEIVe gy,

s sulph

haate. (Kuch dose equiculent 1o 30 gy of slementd Sron..

TABSORPTION™

(per cent)

ABSORPTION KATIO
Ferric Ferrous iron

Ferrie ! Ferrous
irun iron
o - t - T

0.9 3.2 l 0.2%

L1 : 3.4 ' 0.32

3.5 i 7.¢ 0.49

1.y 7.4 0.26

4.0 £ 0.45

5.2 5.0 i 0.34

6.0 240 ; 0.25

N 2.7 ; 0.4
Absorption ratio: Mean value: 0.3¢
Standurd error of mean: +0.03
Stundard crror: £0.09

”“” ,lll I |

150 2
IRON DOSE mg

e of fervens amd Geree aron at difterent doesage lovels, The same amount of iron

Bokay . Faeh e repiesents abaarption of ferre tron as Prrventase of the absorption

ot fetrons aren e the satoe subaeet .



per cent of absorbed jron in circulating
red cells 2 weeks after the administration
of the last oral iron dose.

The mean value of the absorption ratios
in these 8 subjects was 0.34--0.03 and it is
thus quite clear that ferrous iron is much
more readily absorbed than ferric iron.

b. Oral iron dose 90—210 mg.

It is possible that the magnitude of the
iron dose may influence the relative
absorbability of ferrous and ferric iron. An
additional study was thus made in which
ferrous and ferric iron were compared at
higher dose levels (30, 150 and 210 mg of

elemental iron). The same amounts of
ferrous and ferric iron were thus given to
each subject.

The résults are given in table V and are
also graphed in figure 6 where each bar
represents one subject. It is evident that
the greater absorbability of ferrous iron
was more pronounced the higher the iron
dose. A correlation analysis between
absorption ratio and iron dose gave the
following results: r = — 0.50 and p<<0.05,

When 30 mg iron doses were compared,
3 times more ferrous iron was absorbed.
When 90, 150 and 210 ng doses of iron
were studied, respectively 4, 5 and 7
times more ferrous than ferric iron was
absorbed.

TABLE V

Absorbability of ferric and ferrous sulphate at different dose levels (M =210 mg).

: ' : TARSORPTION” t ABSORPTION RATIO
Daily . (pet cont) | Ferric/Ferrous iron
oral dose : SUBIECE | First dose e e o i_
tinge e} Ferric o Ferrous Individual Mean
' o 1 iron ! value value
_ o RS B —
ay M BH Ferrie 1.4 B0 0,35
wa a23-M Bh Foerrie f.o Th . 22
O SN Bh Fortons pltry 12~ ’ 0.1
un a0 F LD Forrous 1 1.6 : 020 0.25
[T ! A M ' Fevrous 1 H.i ' .2
B STMBD - Ferrie. b T as
150 0 aaM BD Ferrie ‘ 1.7 , PN ! 2o
Loty SN BD Ferrous T ; 2ol i 0.0 0.21
i [HTE I 3] . Ferrous ! o : 4.4 l e
GM B Fertous | o | 6| ear \
N [ T : Foarae i 2 '\ T | 0.14 _/ﬁ-",—




.. COMMENT

. This method wax devised in an attempt
(a) to make more valid comparisons of the
absorption of iron from different iron com-
pounds and (b) to facilitate the quantita.
tion of factors influencing the ahsorption
of iron. An example of the latter applica.
tion of the method ix a study of the effect
of meals on jron absorption presented in a
preliminary report®,

Earlicr comparative studies have alimost
exclusively been devoted to the pelative
absorbability of different iron compounds
=2 The comparisons have usually been
based on determinations of the regenera-
tion rate of hemoglobin during iron therapy
in iron deficient subjects. Two or more
groups of subjects treated with different
iron compounds have heen  compared.
However. there are numerous factors
influencing the therapeutic response to
iron (severity of anemia. continued bleed.
ing, condition of iron stores. infections vte,)
which often make such comparizons diffi-
valt to interpret and secessitate compari-
wns between large homogenous materials,

Using the method deseribed in o this
Waper, the main sources of error in com-
Wrative studies on iron absorption are
ratly  diminished. The  repeated. wd-
uinistration of iron rediees the average

ariation in absorption  and  internal

’_iwtrilmliun of absorbed iron within the

"'_"1-"1' individual to less than one half,

e the absorption ratio is a mean value

' five pairs of comparisons. Inasnuch as
- singlo =ubject serves as his own conteod

] conclusions ¢can be drawn from
Sittprial . . . ..
udt"“'”v‘mm:unmg refatively few individ-

Is, .
“ For (he same veason the reguire.

ments of a selection and classification of
subjects for comparative iron absorption
studies are also markedly reduced.

The method is convenient since it is not
necessary to quantitate the total absorp-
tion (e.g. by faeces collection) to be able to
study the effect of a substance on iron
absorption or the relative absorbability
of iron from two compounds. .

Iron doses labelled with different iso-
topes Were not given on the same day in
order to diminish the possibility of an
exchange of radioiron between different
dosex in that part of the intestine where
a measurable absorption could take place.

The effect of a preceding dose on the
absorption of a subsequent dose was found
to be ucgligible in this experimental
desipn since the mean value of the obtained
abrorption ratio (Fe®® labelled ferrous
sulphate Fe# labelled ferrous sulphate) in
the group starting with one isotope did not
differ from the mean value in the group
starting with the other isvtope.

The 30 my iron dose was most thoroughly
studiecd because it ean be considered to be
a therapeutic oral dose. The 5 wg iron
doxe was also studied inasmuch as it
may represent an optimal physiological
iron douse. The observed greater variation
in the absorption of this small dose, may
be explained by the relatively greater
influence of extrancous random factors
(e.r. adsorption to mucin or protein com-
ponents in the gastrointestinal tract).

The sources of error in this method are
ot two kinds, One kind consist in analytical
errors and errors in the administration of
the iron doses. The magnitude of these

19



vrrors wax found to be only about 2.5 per
cent, The other and main source of crror
i= the variation in absorption and distribu-

_tion of absorbed iron. This error can be

further reduced only by giving more iron
doses for longer time.

In 10 subjects a blood sample was
drawn not only 2 weeks after the last
oral dose but also after 3 weeks and in
5 of the subjects at times up to 2 months
after the last dose. The difference between
the absorption ratios within the single
subject was of the same magnitude as the
experimental error. The effect of a
variation in internal distribution of ab-
sorbed iron on the real absorption ratio
can be expected to decrease in time. The
fact that no significant difference between
absorption ratios was found, when follow-
ed for longer time indicates that the main
part of the observed total variation is
related to a variation in absorption from
day to day. This variation was about 20
per cent when 30 mg iron doses were
given and about 533 per cent when 5
my doses were given. This great variation
means that it i= very difficult or impossible
to demonstrate minor  differences  in
absorhability of two compounds, if =uch a
comparizon is based on determinations of
iron absorption on two occasions in the
sstine stithject. even if these determinations
are made with a very acenrate method,
The great variation in alsorption of won
on different davs in the snae subypect
stresses the importanes of giving iron in
repeated doses in comparative ~studies an
the <amie individual,

The desrer of underestimation of the
teat ahsorption. ax ealenlated from the
P ity in the el cell mass 2 weeh-

atter the last o ol do=ie does not influcnee

the absorption ratio. These “absorption
figures” have only been given as a rough
classification of the subjects’ avidity to
absorb iron.

The (_)bserved lower absorption of ferric
iron (compared with ferrous) is consistent
with earlier observations™!?, From the
observed difference in absorbability it is
not necessary to postulate that iron is
absorbed only in the ferrous state. The
difference can most easily be explained
from the well known physico-chemical
difference between ferric and ferrous ions.
At the pH existing in the gastrointestinal
tract, a considerably greater amount of
the ferric than of the ferrous iron will be
present as undissociated hydroxide. More-
over ferric iron has a greater avidity to
form insoluble compounds or complex
compounds than ferrous iron. The average
ionic concentration of iron in the upper part
of the intestinal tract, where the absorption
of iron mainly takes place, can thus beex-
pected to be much higher when ferrous
iron is given than when ferric iron is given.

The difference in relative absorbability
between ferrous and ferric iron can bv
expected to be more pronounced the higher
the iron dose hecause at higher dose level-
the ferric jon concentration will remair
constant while more and more undi~
<ociated ferrie hydroxide will be formed.

‘This ren~oning is consistent with th
ahserved deerease of the ferrie, ferrous e
absorption ratio with increased iron dore-
W3t 00k at the dose levels 30 and 2t
my ol iran l'u-ilrl-(-li\‘l'l)’).

It is alw consistent with the obx
tion hy Bosser, HAGEDORN and (.)“ ’-\f
wha found no difference in absorbability "
ferton< and ferrie iron when very s

amounts (0 pg) of clemental iro

rva

n % re



used®. At the much lower concentration
of iron achicved in the gastrointestinal
tract with this extremely small jron dose.
it can be expected that ferrous and ferrie
iron will both be present jn fonic furm to
the same degree (the solubility product of
ferric hydroxide will not be exceeded),
From the present studies it can be
concluded  that considerably  more jron

ix absorbed from ferrous than from ferric
sulphate, At therapeutic dose levels
(39 myg of jron or more) at least 3 times
more iron will e absorbed if given in the
ferrous state, This difference in absorbabil.
ity between ferrous and ferric iron is of
such & magnitude that it can be concluded

that ferric iron has no place in oral jron
therapy,

SUMMARY

Amethod is described which js especially
devised for comparative studies of the
absorbability of different iron compounds
and for a quantitation of the influenee of
various factors on jron ahsarption,

Two radioiron jx Hopes are used — Pess
and Fe*. Oue jron compound ix fahelled
with one isotope and one compound with
the other. T'he compowids g Isotopes)
e administered on alternage day = for 1oy
unsecutive days,

From analysis of e and Fe iy onee
'luldsanlplmh-m\nt\\n\u-c-ksafh-rtlu- TN
wal dose the relative absorhability of dif-
Tent iron compounds can he deterniined,
By giving forrans sulphate Libeled with
“ WO isotopes an alternate days the

h

Accuracy and precision of the method has
heen determined. The average day to day
variation in absorption of iron in the single
individual was found to be about 20 per
cent using 30 mg doses and =33 per cent
using 5 mg doses,

A= an example of the applicat.on of the
methad the absorbability of jron from
ferrousand ferrice sulphate has heen studied
at different dosage Jovels, It was found
that about 3—7 times more jron was
absorhed from ferrons ~sulphate than from
ferrie sulphate,

The results show that the method will
greatly facilitate comparative iron absorp.
tion studies sinee each xubject serves as
his own control.
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THE MECHANISM OF ACUTE .
FERROUS SULPHATE POISONING

R. }J. K. BROWN, M.B., B.Chir.(Cantab.),
M.R.CP., D.CH.{Lnd.).° Jandon, Eng.

and J. D. GRAY, M.D.(McGill},t Halifax, N.S.

IN spr1e OF repeated warnings, acute iron poison-
ing in childhood is still of much too frequent
occurrence. On reading the relevant literature it
is plain that no cntircly satisfactory explanation
of its mechanism has as yet been advanced; its
treatment must thercfore remain empirical until
_more is known, ’

We record a case showing some hithcita un-

published facts. The speculations which fosiowsd
the clinical observations have led to some ex-
perimental work, the outcome of which is also
embodied in this paper. S

Clinical.—At 4 p.m. on Octcber 5, 1953, a 2-year-old

boy swallowed 40 fcrrous sulphate tablets, About 5
minutes later his mother returncd to the 1o, < saw
what had happened. He was given a Seidin. . «der,
after which &e vomited a brown-stained fluic, very
shortly thereafter he slid into semi-coma. At 4.85 p.m.
he was admitted to King's College Hospital where his
stomach was washed out with a 25% sodii bicarbonate
solution; this retumned a dark brown fluid with frag:

ments of tablets. A few ounces of solution were left in -

the stomach.

One hour and 6fteen minutes after ingestion he was

ale with slight cyanosis of the
ost imperceptible pulse at the
were rapid and shallow. In three
hours and fiis. sstes his general condition had
improved, pulse i-. ner minute, volume poor. B.P.
105/70, liver edge soft and at the costal margin. He
had vomited small quantities of bright blood and passed
copious soft black stool. Stright rudiograph of the
abdomen showed no radio-opaque material in the
stomach or duodenum., Intravenous infusion of 5%
glucose in 1/5 N. saline was started.

Up to about 19 hours after ingestion he continued
to vomit mucus and bright red blood. He passed two
morc copious black stools. Urinary chlorides were absent.
The infusion was then changed to normal saline, fol-
lowed by two pints of cascin ?\ydrolysate and compound
vitammin B preparation, .

Nincteen hours: now rational, vomited coffce-ground
substance. He developed a loose tough and was pyrexial;
chest examination, however, revealed no moist sounds.

Twenty-live hours: urine contained bilimibin, acctone
reducing substance and chlorides, but no albumin; oral
methionine and vitamin E therapy begun, .

~ extremely meld :.d
extremities .« .
wrist, The re: -+

Thirty-one hours: his condition was deterirwating, he -

was drowsy and restless and had a high-pitched ery.
Pulse and respiratory rates were increased, reflexes de-
pressed. Plantar response flexor. )
Forty-two hours: he was by now deeply comatose
the breathing stertorous, He had an oceasional mil
convulsion, Slight jaundice was noted and the liver

wis now one finger-breadth below the costal margin,

'a, *Children’s Department, King's College MHaspita), and
¥ the Belgrave Muapital for Chilidren, London, England.
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His face was puffy end.suggested cedems; abdominal
reflexes were absent; the plantar responses were now
extensor, His urine had the “raw meat” smell of amino
scids. Bilirubin was present. Paper chromatography con-
firmed the abundance of urinary amino acids. He was
given intramuscular paraldehyde to control the fits.

Forty-six hours: convulsions still occurring. The pulse
was rapid and fceble, the respirations werc irregular and
shallow, One gram of potassium was added to the intra-
venous solution (sec. biochemical findings). The
was tilted head down and the nasopharynx sucked out.
There were palpable and audible coarse rhonchi in the
chest. He was now obviously jaundiced. The liver edge
was firm and 1% finger-breadths below. the costal
margin. Glutamic acid therapy was begun; 250,000
units of penicillin 8-hourly was also started. -

Filty-six hours: when seen at this time he was in 2
quiet decp sleep with- regular respirations. Considerable
cedema was present, the jaundice was deepening. The
enlarged, Glutamic acid trcatment was
B e LA (LY [ . B .

continued. hEE T
Seventy hours: still rather drowsy, pulse full and
bounding; B.P. 130/50. The urine was less dark and
the amino acid output decreased. =, [ A
Four ‘days: he was mentally normal but very weak.
¢ jaundice was still present. There was pitting cedema
of the ankles and sacrum. The chest was radiographically
normal, The liver was firm gnd felt two finger-breadths
below the costal margin. - ¢ x5 s Tm
Seven days: the general irnﬁrovement had continued
-although the liver was still enlarged. Intravenous
therapy was discontinued. From now on it became
obvious that he was developing {:yloric stenosis; a, month
later, this complication -was relieved by gastroenteros-
liver was
taken for biopsy. Histological examination of the section
showed normal architecture with slight increase in the
reticuloendothelial cells which contained some iron
pigment. I N 1'
Biochemical findings.—Forty-two hours after ingestion
his serum sodium, plasma chlorides, alkali reserve, blood
.urea, blood sugar, serum calcium and alkaline phos-
phatase were all within normal limits. The cerebro-
spinal fluid was normal. Serum potassium was 9.2 mgm.
% (2.4 mEqJlitre). Direct van' den Bergh positive.
Bilirubin 6.5 mgm %; at the end of 7 days this had
dropped to 2 mgm. %. Four days after ingestion the
urinary iron output over 24 hours was 2.8 mgm. %
(normal 0.5-1 mgin.). The serum iron was 5.45 mgm.
% thrce hours, 430 pgm. 42 hours, 153 ggm. 56 hours,
57 vgm. 4 days and 149 sgm. 7 days after ingestion.
Combining power was nil after 4 days and 75 after 7
days. The changes in plasma proteins arc shown in
Tablo I. . ) . :
Experimental methods and materials. — 1.5 gm. of
analar grade ferrous sulphate was dissolved in 10 ml.
sterile distilled water; this solution was kept sealed
under partial vacuum until required, in order to prevent
the oxidation of the ferrous salt. It was mado up about
two hours before use. Rabbits were the experimental
animals. Ten were selected weighing between 1.6 and
2.2 kgm, and 0.5 mlL of the ferrous sulphate solution
containing 75 mgm. of the salt was injected into the
marginal car vein of each animal. A further three were
chosen as controls; 0.5 nil. of sterile distilled water was
given by the same route to cach. Four of the test
aninals dicd within 24 hours, one was killed 24 hours
i after injcction, two at 2, one at 3, one ot 68 and one at
10 days. The controls were killed 1 day, 2 days end 8
da{s after the administration of water. Brain, liver,
oleen and kidneys were removed from all animals after )
eath, fixed in 5% formol saline and stained by hweina-
toxylin and cosin and the Prussian blue reaction for

' histological examination. Flasma proteins wero estimated

bﬁ' the micro-Kjeldahl method and identilicd by paper
chromatogeaphy; plasma amino acid pitroges by the g
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- TABLEL ° . . - ST R - .
’ = Tue Errecr or Acyts Fennous SuLriate Po1soNinG on Prassa Proriay
SR . - Serum Proteins
3 s o albumin | globulin ‘ I'pt. of prolein
Time after ingestion - Purbidity tesis | gm. 9 gm. 9 | Electrophoretic pattern | with tungstic acid

42hours......... .. 0000 4. .} Clear solution | ~ 3.11
i RS 1 5.24¢
....... cqeieeede] lunit 1 8.40

lupit | ——

0.84 1Decrease of globulin Normal eloud

0.24 No protcins detected No precipitation
0.95 Normal pattern Normal cloudl
— TAdditional band Normal clou

are inlerpreted as representing non-protein nitrogen. -

v SAs no’b}otein bands were detected on electrophoresis and tungstic acid precipitation did not occur, these figures

-
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Results.—Ferrous sulphate (Fe, SO. 7 H,0) has a

molecular weight of 278, The atomic weight of iron,

"being 55.8, is equivalent to one-fifth the weisht of the

' salt; therefore 75 mgm. of ferrous sulphate, the dosage
used in these experiments, would contain 15.5 mgm. of
Fe ++. The actual amount given in mgm. per kgm.
body weight and its effect on the survival rate are

- shown in Tablo IL . .. = . :
B R A

CTABLELL TL L

R o o e oLy
. " ..

Tre INTRAVENOUS DosAceE or Ferrous SuLrAaTe AND
Iron 1N M. pER Koo, RA:JD 118 EFFECT ON Survivar
AN E bl

g2 s b

.| - Survival and time -

kg
094 8 hours
5 9.5 ~¥ "
. .0, 9.4 - s
N £-46.0%.1 " 9.3.¢ :
1440 |- 8.8 at 24 hours ;
.’40.0 [ 8.0 0. 48 v
5.40.0 | "B.O. | i dU4g e o
- 37‘0 7.4 -y . [{} 72f \":
©.36.0 -|. 7.3 ¥
» e 35.0°| 70 -

EN - e . .

The minimum lethal dose of ferrous sulphate appears
to be about 46 nf?m. per kgm. or 9.3 mgmn. of Fe ++
per kgm, for rubbits. The amount requirced to bring -
about death within 24 hours is critical, for it will be
noted that rabbit No. 5 survived this length of time on

] > a dose of ferrous sulphate that was only 2 r‘n{g'm.., or
0.5 mgm. Fe +-+ per kgm. less than that which killed
the preeeding animal. Using guinea pigs, Edge and
Somecrs? found 6.1 mgm. of Fe ++ l1))(:1' kgm. was the
lethal quantity, which accords reasonably well with our
findings when specics difference is tuken into account.
The immediate eflect of the - introduction of ferrous
sulphate into the auind circulation was striking. It has
prcviously been described by Somers.? A few seconds
after the injeclion was completed the animals were
prostrated, lying on their stomachs with head Iolling tu
one side, the hind Jegs outstretched; the respiratory rate
incn'asc(h; the bladder and the bowels cm})ticd; and
occasional short, sharp contractions of the hind limbs
were scen. After about 15 minutes a partial recovery
sct in. It was noted that those animals still very {ll when
returned to the animal house subsequently died within
24 hours. . .
~~In seven cxperimental animals ond in the threc con-
trols the plasina proteins and plasma aniino acid nitrogen
were measured. In 4 experimental and 1 control the
pautition of globulins was examined by paper chroinato-
N i . e .
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gaphy. The effect of intravenous ferrous sulphate on
cse~is shown in Table III. The histological changes
found in the organs of the experimental animals were as
follows:

Liver.~In death occurring under 12 hours: the lobular
pattern_is normal, The portal vessels and most of the .
sinusoids are filled with blood, the latter most marked
at the lobule periphery. The parenchymal cells are
cedematous, the cytoplasm foamy, the nucleus normal,
The Kupfler cells, particularly those nearest the portal
areas, contain iron; there is little to be seen in the cells
of the parenchyma (Fig. 1). From 12-24 hours: patchy
variations in parenchyma cell size appear. In some ureas

cells are so cedematous that there is a concomitant
sinusoidal obliteration, in others there has been some cell
age. The vascular tree is still engorged. The cyto-
g_lhasm of the parenchymal cells now shows vacuolation.

e nucleus is still normal. There is a heavy concentra-
~ tion of iron in the Kupffer cells appearing as minute

o _dots with a perinuclear distribution; the iron has also

wppeared in some of the parenchymal cells, again with
" & perinuclear distribution. The deposit of iron within
e Jobules is variable, In some it extends from the portal
‘areas to the central vein, in others a third to half a
- lobule is affected. The spread, however, seems to be
peripheral to central, for whenever part of a lobule is
affected it is ncarly always peripheral.

‘From 24-48 hours: large areas of coagulation necrosis

::::lg d‘}}” . -, are present. The nuclei in the parenchymal cells of the
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Flg. 1.—Section from the Hver of a rabbit dying 8
hours after an intruvenous dose of ferrous aulphate, The
Kupffer cclis are landed with fron ; the parenchymal celly,
n.-luuvely. frce. Prussian Llue reaction x 360,
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TABLE 111
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Tue Erreer or Intnavesots Fernous SuLeiarte on Prasya Yroreins, Prasva Auivo Acto ™ -

NitroaeN, AND GLOBULIN PARTITION IN RaspiTs

Plasma proleins gm. %, ¥

 \Globulin partition

.

Amino acid -

’".‘rogm - : e L L :.'1

Time of death after dose Total Albumin Globulin | mgm. 9, | o: a 8.
24 hours and under............. 5.1 4.88 022 |  — I S X R )
2 LI 3 3.78- 0. 1857 Lol
48 hours . . - o b e R TR
oo 5.3 3.50 1.8 10.2° -+ )
2 4.41 2.67 1.74 5. 9.0 - L 2
Sdays.............ln 6.51 4.60 1.01 81 S
Gdays.......... I O 35 | 1.60 9.9 S
10days................... . 6.54 4.17 2.37 + 4.2 :'.“.':_— .
Controls R ‘ -
e, TR 6.7 4.44 - 2.98 7.8 .. T
2.0 ESRI i 6.83 3.50 ~ 333, 6.6 "« P
3. R ] 625 3.7 - 2.55 o 1.0 . P P

The presence of a specific globulin on the paper strip is indicated in the table by + and its absence by 0.

necrotic parts show pykmosis and fragmentation. Vas-
cular engorgement has reached its maximum. The iron
moved out of the Kupffer cells, for they are now
relatively free of its deposit. Parenchymal cells show
the metal in two forms. In some its émrcsence is indicated
by multiple blue dots, in others—and these appear to be
the majority—as a diffuse bluish cytoplasmic “smoke”
with no evidence of droplet formation. Some of the
canaliculi contain iron “thrombi.” ol
At 48 hours coagulation nccrosis has increased 4’
extent, and there is a moderate infiltration of eosinophils
slong many of the remaining sinusoids. Most of the iron
has ieen removed, for only an occasional cell gives a
positive Prussian blue reaction. At the third day the

§
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Fig. 2

Fig. 2.--Scetion from the apleen of a r(;ntrol rahbit, showing few acattercd deposita of iron.
Prussion bluo reaction x 90, Fig. 3.~Section from the splcon of a rabbit killed 10 days ufter an
Iutruvenous dose of ferrous sulphate, showing thov storuge of unwanted metal in the organ. *

Yrussion biue reaction x 360,

histological picture shows little,. change from ‘that
described at 48 hours. .., S T
. At six days there is no apparent difference between the
livers of control and test animals histologically.
Spleen.~In death under 12 hours: the splenic sinuses

. are 5o packed with red blood cells as to give the lympho-

othelial tissue an appearance of islands in & sea of
blood. There is no evidence of necrosis. Scattered hago-
cytes are filled with iron granules. From 12-24 hours:
the hemorrhage is still present. Lyini i -an_occasional
relatively unobscured sinus is a clear bluish fluid whose

aracteristics suggest an iron bound protein-complex.
At 48 hours: the hemorrhagé has abated, the normal
splenic pattern is retumning. sThe protein-iron-complex
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‘ is mot present, and theré appears to be o considerable

" deposition of iron in the sinus lining cells.

From the thitd day onward the spleens of the control
and test enimals are in general similar, but the amount
of iron stored in the tissue histiocytes appears greater
in test animals than that shown in controls. This im-

. Eﬂ‘esion is confinned when (he -spleen of the animal

illed 10 days after the administration of ferrous sulphate

- is compared -with that of the untreated one. It would

seem that from the third day onward, iron which has
not been cxcreted is gradually “buried” in the spleen

" . (Figs. 2 and 3). . -

Kidneys—In death under 12 bours: the glomerular
mrillaries are dilated and engorged with red blood
cells. The interstitial vessels aro congested. There is no
evidence of iron in any part of the nephron. From 12-24
hours: the vascular congestion has incrcased. The

- epithelium shows cloudy swelling. Between the glome-

-

[

IS

rular tuf: and the capsule, the same protein-iron-com-
ﬁ]ex scen in the splenic sinuses is present; it can also
e found in the lumina of some of the proximal and

"distal convoluted tubules (Fig. 4). From 24-48 hours:

the vascular congestion is much less marked. Cloudy
swelling of the epithclium is still present. There is a
colourless protein in the lumina of the straight tubules.
From the third day onward there is no essential differ-

* ence between the test and control kidneys.

.7 third day the Jung upproximates

Brain.~No alteration in the normal histological pattern

~,-could be found in any sections examined during the

period of observah'on._

[

Lung—In death “under 12 hours: the pulmoniry

vessels and alveolar capillaries are stuffed with red
. blood cells. There is considerable cedema of the alveolar

‘walls. The alveoli themselves arc free of exudate. There
are l{;&cby areas of lung: collapse. Some of the intra-
capillary phagocytes contain iron droplets. From 24-48
hours: there is a marked lessening in the vascular con-
gestion. (Edema of the alvcolar walls is still present und
some of the alveali contain an acellular exudate. A few
histiocytes give a positive Prussian hlue reaction. By the
the normal. :

Vi .
Wt .

.- A comparison between the clinical findings and

- _.experimental results is shown below. .
"7 "'The patient poisoned himsclf by absmbing unknown

quantities of iron from the gut, whercas the rabbits
were poisoned by a single intravenous dose. In the
experiment, artificial continuity is obtained by building
a composite picture from the effects of the metal in a
series of rabbits with a variable time factor; yet there
is swprising agreement between the findings in cach.

" During a ten-year period up to the end of 1953 there

were 11 paticnts admitted to King’s College Hospital or -

the Belgrave llospital with iron poisoning. In one, the

", poisonous substance was ferrous gluconate; in the re-

L " 48- 56 hours

St »‘-1..’4(1;1)'8

mainder, compound tablets of ferrous sulphate. There
e A U . :
Time after poisoning
"4 0.12 hours

‘ Clinical

12-24 hours - Apparent improvement. Evidence of

. liver damage,
; 24 - 48 lours

dice preseat,

72 hours \
Sne - peturuing,

v

Period of shock. Liver not enlarged.

Coudition dcteriorating. Reduction in
plasma globulin, Liver enlarged. Jaun-

Comatose, Liver enlarged. Jaundice in-
creased. No protein detected in plasma.

DIinprovement apparent. Liver {unction

Improvement continuons. Liver  still
' cnlarged. Plasma globulins low,
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Flg. 4.—Section from the kidney of a rabbit dying .20
hours after a dose of ferrous suiphate intravenously. A
protein-iron-complex Is filling the glomerular vascular
tree. Prusslan blue reuction x 360,
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were no deaths, but in three patients the illness was
severe and in one it was criticafa( the case described in
this paper). In one othcr patient definite hepatic enlarge-
ment was noted at 36 hours though no anxiety was telt

.about her general condition. Serum iron in this patient

was 872 pgm. per 100 ml. after three hours. The compli-
cation of pyloric stenosis has been observed twice in this
series.

DiscussioN

—~4dhe movement of iron from the gut to the
tissue of utilization is a complex procedure, The
rate of dissociation of iron salts is equated to
acidity; therefore absorption takes place, for all
practical purposes, in the stomach and upper
small bowel. Entrance into the receptor cells of
the mucosa is dependent on the presence of
apoferritin; if the available concentration has

" already been converted to ferritin, iron absorp-

tion is blocked until the metal in the gut mucosa
can be transferred to the plasma. It is moved in
the latter in the form of ferric beta globulin; in
turn, plasma iron can only be stored in tissue as
ferritin. Iron may be essential for life but the

Experimental
Period of shock. Marked reduction in plasma
globulin, Ilistological changes in liver slight.
Necrosis of liver, Rise of plasma amino acids.

Necerosis of liver. Plasma globulin reduced. Beta
globulin absent. Plisma amino acids raised.

Necrosis  of liver. Plasma  globulin low. Beta
globulin not present, Plasma amino acids raised.
Liver dumage still cvident, Plasma: globulins
still Jow and amino acids ruised.

Histologically, liver appears normal,  Plasma
globuling low. Clobulin partition normal, Plasina
amino acids still above normal.
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body appears to treat it as a potentially danger-

ous criminal in need of constant guard, for at no

time during the process of absorption, movement
and utilization is it allowed to roam in a Irce
ionized form.

Spencer® has shown that thcrc are twe critical

periods in acute ferrous sulphate poisoning when
death may occur, The first is within a few hours
of taking the tablets and the sccond between 20
and 50 hours of ingestion, The cause of death in
the first group has been ascribed to shock, the
clinical picture of which was evident in the case
we report and in the histological studies of the
experimental animals. Smith,* basing his opinion
on the work of Shorr et al., who showed that
ferritin was a vasodepressant, considers that in

iron poisoning excessive amounts of ferritin may

be produced and released into the circulation,
initiating and maintaining the vasomotor collapse
characteristic of the early stages of the illness.
However, the spced with which the shock was
induced in the rabbits suggests a direct toxic

action of the ferrous iron and leads us to put
forward an alternative hypothesis: the hyper- -
-gemia -and necrosis of the gastric mucosa which

follow its exposure to large amounts of iron salts
leads to a breakdown in the normal apoferritin-
ferritin control mechanism. The plasma on be-
coming flooded with iron mobilizes both alpha
and beta globulin to act as a protective ferric

protein complex. Any iron left uncombined acts

directly as a vasodepressant, thus precipitating
the vascular collapse. Whether the wvasomotor
paralysis is central or peripheral we cannot say,

although the absence of cerebral histological

changes suggests the latter.

In the last analysis it may be that both excess
circulating ferritin and uncombined iron co-
operate in responsibility for this threat of death.
In face of the evidence accumulating, there
seems very little to support Spencer’s suggestion

Cll d. AT
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the body is a function not only of the Jiver but
also of certain extrahepatic tissues as well
(Cheng®). It has been shown that thc movement
of large amounts of iron from the Kupffer to the

" parenchymal cells of the liver brings about cell

necrosis by crposing the latter to iron in a free

. form, It would appear that the failure of hepatic

function following necrosis plus the - transient
block of the reticulo-endothelial cells leads to a
widespread depressmn of protein manufacture.
This failure in qynthesxs was demonstrated in the
rabbits by a concomitant rise in blood amino acid
content; and in the patient the combination of
protein loss and lack of production was so pro-
found as to lead to an aproteinemia which in
turn led to tissue gedema, It is obvious that the
changes in plasma protem “will show variations
in each éase of iron poisoning, depending on its
intensity. It should also be noted that in the livers
of those animals sacnﬁced late in the experiment
a normal hnstologlml picture .was present when

the globulin fraction of the plasma was _still

reduced 'and the blood amino acid concentration
above normal, Nissim’ considers that in iron
poisoning functional damage is more serious than
the histological appearances suggest. o

. The course of the patient’s illness described.
in this report illustrated Spencers second critical
period. Forty-eight hours after the ingestion of-

~iron he went into coma accompamed by con-

that shock was an outcome of the large “wound

area” in the upper alimentary tract following
exposurce to iron salts.

Alphia and heta globulin disappeared from the
plasma of the rabbits and at the same time the

concentration of ‘iron in the reticulo-cndothelial

cells rose rapidly, suggesting that the globulins
must enter these cells in order to deposit their
iron and in doing so are destroyed, A certain

amount of iron-bound protcin was also Jost by
renal excretion. Replacement of protein is de-
pendent on dfficient synthesis; its production in

vulsions. The changes occurred at the time of
maximum hepatlc damage and it would seem
reasonable to consider that: they probably arise
from events following liver necrosis and blockage

. of the reticulo-endothelial system. The alteration
“in amino acid metnbohsm which followed could

lead to glutamic acid deﬁclency, and, as glutamic
acid is said to be necessary -for the removal of
the poisonous ammonium radicle in the central
nervous system, its accumulation by the lack of
an inactivator would result in the clinical picture
described. It is of interest to note that ten hours
after the start of glutamic acid therapy, the

- patient, although still very ill, had dramatically

improved, It is our impression that sufficient liver
function to maintain life will return with sur-
prising rapidity,. provided the patient can be
tided over the period of hepatic coma.

A summary of the interpretation given to the
facts ‘gleaned clinically and experimentally is
that, immediately after the ingestion and absorp-
tion of large amounts of iron, shock due to the

. presence of a cnrcul.\tmg vasodq,prcss‘mt occurs;.

< o~y
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g’ﬁw cffects of reticulo-endothclial block,” The
;' destruction of protein and loss of synthesis lead
“*to a -hypoproteintmia of varying degree accom-

¢.’panicd by an alteration in amino acid metabo-

ljsm, the latter manifested as a hepatic coma, .
" As regards treatment, the observations made
; ‘suggest the necessity of early intravenous plasma
infusion, probably of double or triplé strength:
 firstly to combat shock, secondly to supply glob-
. ulin for the absorption of “free” ferrous ions,

* thirdly to prevent osmotic imbalance which may

B be occasioned by protein loss. It is assumed that
¥ the preparation of dried plasma does not lead
., to the partial denaturation of protein which
o4 . .

2t might invalidate its use for the second require-
&» ment..Whether vasomotor tone could be restored
.~ by the addition of noradrenaline (norcpineph-
*" rine) to the infusion is worthy of consideration.
i ._On theoretical grounds’there seems indication
#; for. alternating the plasma infusion with one of
. casein hydrolysate. It is known that in Kinnier-
*" . Wilson disease copper ghelates with amino acids
#7 for the purpose of elimination,® and it is possible

Aty

s

" the  hydrolysate given to .the patient .and the

w3

%~ -circulating iron, which may paxtlx,éxp‘liiin‘ the

T

fifth day of illness. "~ " .

[P

nosis of hepatic coma, there is a good deal of
evidence to suggest that its use was lifc-saving;

consequently. we feel it should be administered-
to ‘any patient suffering from iron  poisoning

where hepatic comna has supervened.

... ‘There are two points in the general manage-

ment of these cases that require mention, It has
‘becn shown that a transient, but profound, altera-
tion takes place in the lung alveolar walls and
leads to ‘an alveolar exudate. The possibility of
this becoming sccondarily infected, leading to
‘s bronchopneumonia, is apparent and at some
- “period in the illucss an antibiotic cover will be
required, During the period of coma, aspiration
of vomit is a Damoclean threat. The adoption of
a tilted hiead-down Led, the provision of a sucker
ready for instant use and'a well-bricfed nursing
“stafl are necessitics if a needless loss of life is to
be averfed. . R S L
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¢ "subsequently there is'protein loss by destraction
and renal discharge, and at the same time pro-'
I tein synthesis is depressed by liver necrosis and .

:  that a similar mechanism took place between -

. .unusually high urinary iron output seen on the .

F‘t.‘ ;;.‘v':AAlthough there is x{p prt;of that {:',lulamxcamd )
., was responsible for the dramatic betterment that
~ occurred after its exhibition following the diag- -

C emae e
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In an amalysis of accidental poisoning in child-
hood Craig and Fiaser® write: “The only poison
which is both common and very dangerous in
Britain at present is ferrous sulphate.” It would
scem high time that some attempt was made at
further preventive measures which might mini-
mize to some cxtent the gricvous harm that an
accidental overdose may bring about. Whether
it is possible to incorporatc a small dose of an
emetic, such as ipccacuanha, in each tablet—as
is now being done in the barbiturates—is surely
worth consideration. '

© SUMMARY

A case of acute iron poisoning which led to
severe alterations in both plasma proteins and
liver function is described. Experimentally it has
been shown that a transient saturation of the
reticulo-endothelial system with iron, necrosis of
the liver, hypoglobulinemia and raised blood
amino-acid concentration follow acute ferrous .
sulphate poisoning in rabbits. Based on these

‘findings, the mechanism of and therapeutic
approach to acute iron poisoning are suggested.
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Ferrous Sulphate Poisoning.—N. F. ELLioTt Burrows, B.M.
T. W, aged 14 months.

Admitted to Belgrave Children's Hospital at 1.30 p.m. 7.11.50, with a history of having
swallowed many FeSO, tablets one hour previously. Ten minutes later he had the first of
a series of vomits, which produced no tablets, but only green-tinged fluid.

tor Norsmax Hi, VLD

.

FiG. 1.— Ferrous sulphate tablets in stomach.

mmediate X-ray revealed what appeared to be 16 wblets in the stomuch, and 3 o1 4
- which had left it (Fig. 1),

- oo child was induced to vomit again by mechanical means, but no tablets were forth-
©o s Vigorous washing out of the stomach was then undertaken with a total of 3 4
Pt sterile water. A brown higuid was obtained which gave a positive guaiacum (est.

fro child's condition gradually deteriorated, and by 3 p.m. he was extrenely shocked

Fro Cold diammy and comatose. with subnormal temperature, rapid thready pulse ;m\.l
Tt Shallow respirations,

LY

At S pme is condition had improved slightly and he passed a large black stool, whis ‘
alvo gave o positine guakicum reaction, By 7 p.m. he was not so well and P:,e’cnmmg dro_\\ B
agam. - As the €O, combining power of his blood was only 42 vols.”;, he was give:
073 grumme sod. bicarbonate hourly for tive hours. By 10.30 p.m. he was markedly bett. -,
baoth Apulxc and respirations were almost normal. and although he passed 3 black stod :
during the nest tive days, he never gave any further anxiety.

His ¢ O, combining power wis 548 vols. ", on the morning of 9.11.50. o
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FERROUS SULFATE POISONING - .

WILLIAM M, CLARK Jr, M.D.
PORTLAND, ORE.
- SEYMOUR S, JUROW, M.D, .- C
| : © NEW YoRk L
ROY L. WALFORD, M.p. A
SAN DIEGO, CALIF.
" AND
ROBERT O. WARTHEN, M.D. )
 WASHINGTON, D. C. SRR
OXIC effects fram the ingestion of Jarge doses of medicinal iron preparations
A have reccived increasing attention since 1947, when Forhes ! reported two
fatal cases. Since his report, 24 additional cases have appeared in the medical litera-
‘ture.* In all, 25 infants and 1 adult were involved, Ferrous sulfate was ingested in
25 cases and ferric chloride in 1 case. T hirteen cases were fatal, and in 13 there
was recovery. There seems to have Leen no direct correlation between the amount
of iron ingested and the final outeonie, since the ingestion of as little as 3.0 gm. of
ferrous suliate has terminated fatally.® whereas the irestion of 13.0 gm. has resulted
in an uneventful recovery. !t

Case 1 of the present study recovered after he ingestion of 24 gm. of ferrous
sulfate. In Case 2, the ngestion of 10.2 to 14.2 gm. of ferrous sulfate proved fatal.
The typical biphasic clinical course and the histopathologic findings are empha-
sized in the light of previous reports. The rationale of possible surgery in the future
management of such cases is discussed. : o

‘e
.

REPORT OF CASES
’

. Case 1—8. )L, 2 15-month-old white baby girl, was admitted to the Chanute Air Force
Base Hospital on Dec, 12, 1932, with a history of having ingested eight 0.3-gm. enteric-coated
ferrous sulfate tablets 17 hours previously, Two hours after ingestion of the tablets, she vomited
partially digested foud, but no blood or tablets were noted. The examination was negative at
this time, except for listlessness. She was set home on a2 milk diet, but the parents were
advised to return if hematemesis or melena developed. That night the child slept fretfully and
was irritable and feverish, Upon awakening in the morning, she passed a large pitch-bluck
formed stool. .

The physical examination upon adivission revealed a temperature of 104 F, a mild and
apparently subsiding right catarrhal otitis media, and marked irritability, The urinalysis was
normal. The white blood! celi comnt was 48,000, with £3% nentrophiles, 41 lymphocyies.
2% monncytes, and 2% cusinophiles. The hemoglohin was 11.0 gun and the red blood celt
count 3.500.000. The child was placed on a rezimen of 300,000 units of aqueous penicillin

procaine daily and given 15 cc. of liquid petrolatum (minesat oil) per 0. A tap-veater enema

returned a small amount of furnuad gravish-colored stool, 1ler temperature returned to noreai

From the Department of Pediatrics and the Laboratory Service, Chanute Air Foree Dase

.Husx:ila!_ Raitoud, M.

* References 214,

220 . :
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s Wl dneonnlovas ol el drricd e nal namad steols, and: did not v " The s
mediz gradoaliy cieared, On the secend hospital day, the white blood cell count was 34,70,
with 877 newtrophiles. On the. third day, it was 5,630, with a nurmal differential count. She
. was discharged the foliowing; day with a nornal biond eell count and has since remained well.
Cast 2—A. L, a 20-month-old whiwe girl, was admitted to the Chanute Air Forve Bise
Hospital on March 17, 1933, She lad been Jound playing with an empty pillhox four hours
previously, and it was assumed that <he had ingested from M to 44 0.3-'gm. enteric-coater
ferrous sulfate tablets, One hour after the ingestion, she vomited a yellow-green fluid with
some partially digested fond. No tablets were noted in the vomitus, l;ilrec hours after the
ingestion, the vomiting hiad Lecome slmost continucus and was définitely bloudy. Diarrhea
supervened. The stools were greenidle-black and liquid but contained no gross blood, Marked
pallor developed, and the skir becanie oo dd and clammy. The child was brought to the hospital
four hours zfter ingestion of the tablets. '

acutely ill infant who avas vomiting bluud-

. tinged fluid and had a bloody diarrhea. She was pale and mildly cyanotic and responded only
to the strongest of stimuli. Her temperature was 101 K., blgod pressure 7070, and pulse rate
160. The abdomen was mildly distended. The remainder of the physical exainination was
negative. The white blood cell count was 12,109, the red celi count 4,100,060, the hemoglubin
120 gm,, and the carbon divxide cumbining power 27.3 vol, S¢.

Physical examination upon adumission revealed an

She was placed in oxvgen and given 170 cc. of 3"; dextrese in isctonic saline, 230 cc. of
§% dextrose in water, 230 cc. of whao'le Vleod, and 250 cv. 6f 1/6 M sodium lactate intravenously ;
300,000 units of aqucims penicillin procaine and 3 mg. of vitamin K were given intramuscularly.
During and after the intravencus fiuid therapy, the child became alert, responded to her parents,
and asked for water (which was denfed). The vomiting subsided, and there was a decrease
in the bluody diarrhea, Her ecolor improved, and the bleod pressure rose to 120,/70. Mer
temperature was 103 F. For the next six hours the child bz less diarrhea, no vomiting, and a
normal blood pressure. The red Blood cell vount was now §,130,000. the hemoglobin, 13.5 gm.,
and the white cel count, 24,900, with 32% neutrophiles, 47% lymphocytes, and 1¢¢ cosinophiles.
About nine Lours after admission, the child Legan to vemit again and develuped an almost
continuvus bloody diarrhea. The vomitus comained clotted and liquid blood. At this time
she was fed several strips of absorbable gelatin spange U. S. P. (Gelioam) moistened in
isotonic saline. No change in e vomiting was seen. Another 230 ce. of whole blood was
given intravenously. Although severe vumiting ‘and diarrhea continued. the red bleod cell
comnt and the hemoglobin remained at 4.820.000 and 13.5 gm., respectively. Gradually, the
blood pressure dropped nntil it was unohtainable and the pulse ruse to 200. The chitd became
eyanotic while in oxygen and decply comatose and had repeated convulsions. Cheyne-Stokes
respiration developed about 12 hours aiter admissiun, and she died 16 hours and 40 minutes
after admission, or 20 hours and 40 minutes after ingestion of the tablets, .
At postmortem examination, pericrmed five hours after deaih, the body weighed 11,600 gm.
and eicasured 83 em, The pertinent gross and microscopic findings were as follows: A sharply
localized sepment of infarcted tleum was immediately evident upon opening the abdomen. The
peritoncal fluid was scant. The bivord in the larger vessels was fluid and ‘without coagula.”
The heart weighed 73 ger. The right auricle and ventricle were markedly dilated, and the
rulmonary conus was moderately dilated. The rigin hing weighed 145 gm., the left lung 130 gm.
Bk iungs were bogey to pafpation. The smoth motsled dusky-red surfaces revealed multiple
“Od-cmn. areas of subpleural hemershize. On cectiom, the dark red surfaces oozed considerable
-amoents of frothy reddish-white thin fuid, The mucosa of the left main-stem bronchus appearcd
<uli andg cdematous, with smalt misses of brown semisolid materie]l stuck to it The liver

Weirhwd 140 em. About the entraree of the portal vein and extending thence o involve roughly
I the diver the ont surface assemed o motticd brownish-grey color, appearing partially
Becratic, In other arcas the liver was grossly Lormal,

The esr phaers was normal, The stecach contained about 10 ce of a reddish-pray granular
"B ansterialy Iuewev o the muco-q wis weli preserved. The diedenem aned Jejrnmm appeared
FEmAl The entite sl boswed meas

v 200 e dn teneth, Eights contincter- from: jis proxina!
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vitli st ckend Bioinn was comple h Seapbnad, 'l'l:c necrotic "villi showed a marked brows:

gracular disceloration, especiaily at their ti: s (Figs. 2 and 3). The submucosal vessels and thie

vessels of the bumina propria were dilated and contained masses of dark brown granular pig-

wient.  The piguicnt was most prontineatly distributed at the vessel |-crmhcry (Fig. 3). The

Turnbull biue stain for ferrous iron was positive {or this pigment and for llut unolnug the
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Fig. 3—The ileum, showing thrombased ver cus cl*:m"e]s with granuvlar pigient matcnal
distributed at the vesscl pcr.phe. y. The pigmert is iron-positive X 100
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Fiv. 4.—The liver, showing cariv

recretic chanwes manifested by cloudy swelling and
Cisselution of hepatic nucivi; ¥ 40 - .

There was profonn-t hyperplasin, edemi and architectural diztortion of the focal lymphoid

s in the submucosa, with uleeration of cverlving mucosa (Fig, 2),
ln areas lezss severely involved, the cilerat

us ileum showed sloughine of the epithelium
lf’? vilus tips; how

ever, the epithelivm at she brettom of (e elards was preserved. Hyper-
oof Peyer’s patehes was alio noted, Lot with lesy efen o and g arclitetara distorton
s, domah, and Larne Bowed were ronpal,




The lymph nodes draining the infarcted semont were hyperplastic sud huno"rh.n,lc, ‘with
large distinet germival centers. The wide, edematous, Moudy Iymphatic chamicls were ;.mumd

with neutrophiles, lynphacy lc.. and hru' monohuclear cells. No iron pu,munt could |;c demon-
strated. .

In the lungs, an extensive intra-alveolar hemorrhagic extravasation was noted. The alveolar
walls were profoundly hyperemic. The bronchial epithelium was fucally croded and the small
vessels greatly dilated. The peribronchial lymph iiodes were hyperplastic and focally engorged
“with blocd, round cells, and seme newtropliile:. The hepatic sinusoids were engorged with
bleod. Tn areas. the parenchymal cells showed marked clowdy swelling, with fecal dissolution
of nuclei. The nuclear changes were characterized by marked peripheral clumping of chromatin,
proceeding to disappearance of the nuclear membrane and scattering of chromatin maferial
within the ¢ell. The Turnbull blue reaction was negative in both lung end liver.

Permissicn to examine the brain was not gramed. Other organs, includiil the ktdnq;, were
‘normal grossly and microscopically. .

A chemical analysis of the liver revealed 0.2 mg. of inorganic iron per gram. This is
acumll\ a low value. The gastric contents contained 1.2 mg. of inorganic iron per miltiliter and
the intestinal centents 1.1 mg. of inorganic iron per milliliter.

-

COMMEXT

There is a fairly characteristic set of symptoms of iron poisoning. The clinical
picture of Case 2 is similar to niany of the reported cases. Within an hour of inges-
tion of the tablets, vomiting develops, which in two to four hours usually becomes
. blocdy. The child becomes pale, irritable, and often comatose; the blood pressure
‘falls, the pulse hecomes rapid, and the child appears in profound shock. Diarrhea

may or may not be present at this stage. Half of the reported fatalities were during
this stage. Following this period of shock, there is oiten a rapid improvement in
the clinical picture, during which the patient regains consciousness and is out of
shock, and the vomiting and diarrhea decrease. However, in many cases there will
occur a sudden relapse from 13 to 40 hours after ingestion, in which the child
“again goes into proiound shack, with coma, severe bloody vomiting and diarrhea,
and, frequently, convulsions. NI

The necropsy findings are also fairly characteristic. In all but one of the autop-
sied cases there was marked dilatation of the right heart, with pulmonary congestion
and hemorrhage. Cloudy swelling or early necrusis of the liver were frequently
observed. In general, a hemorrhagic necrotizing gastritis followed the ingestion of
plain coated tablets, whereas a simijar localized enteritis resulted from the ingestion
of enteric-coated tablets, due to their liberation in the lower gastrointestinal tract.
Three of the fatal cases involved enteric-coated tahlets ; one of these was associated
with necrosis of the gastric mucosa, and the other two with necrosis of the small
intestine. Plain tablets were ingested in the remaining 10 {atal cases. and all of
these showed neerosiz or marked congestion of the gastric mucosa. Two of these
also showed neerosis of the small intestine, one having ingested approxifiatély- 20
gm. of ferrous sulfate and the other 240 gm. Tn our second case, it would .mpc.'!r
that the enteric-coated tablets proceeded down the intestinal tract relatively intact
until the enteric coating was Bnally dissolved at the isolated segment of necrotic
ileum. . ¢ :
Case 13~ interesting beeause of the high white Blood cell connt, of 30000, which

persistad for about G0 hoars, In Case 2, the white eell connt veached 24000, Marked



leucocytosis has also been repurted in some of the other cases: 37,800, in the case
of Swilt amd co-workers," 21,780, in one of Dully and Dichl's cases,' 79,000, in
Lindquist’s case.” and 55,730, in Foucar's case.’ The significance of these elevations
is unknown, - : . i .
The treatment of iron poisoning s largely synmtqin:xtic. Immediate efforts
should he made to make the child vomit in order to rid the stomach of any undis-
solved tablets or fragments of tallets. In addition, copfious and prolonged gastric
lavage should be done with soditm bicarlonate solution, leaving some in the stomach
in an cffort to convert the jerrous sulfate to insoluble ferrous carbonate. Shock
— should be combated with blood, plasma, and oxygen as indicated, and one should
be alert for the possibiliiy of a delayed exacefhation after initial improvement.
Roxburgh * used dimercaprol (BAL) in the treatment of a 16-month-old patient
who recovered from iron poisoning, but he made no claim for benefit from it
Animal experimentation indicates that the toxic effects of ferrous suliate are aggra-
vated by dimercaprol.® Spencer ® has suggested use of the following prescription
in cases of iron poisoning : ~

Thiamine hydrochloride 10 1115.

Nicotinamide . 30 mg.

Riboflavin * 7 10 mg.

Tocopherol 15 mg. L
" Methionine 500 mg.

Multiply the above amounts Ly the patient’s age in Years and give in three divided
doses daily. ' ‘

It is suggested that the irom, acting as a heavy metal, may combine with
—>SH groupings and thus interfere with oxidation, The tocopherol is given in an
effort to reduce the oxidative requirements of the cells and the methionine as a
source of —SH groupings and as protection for the liver, .

It is well known to radiologists that enteric-coated iron tablets are radiopaque.
it an x-ray of the abdomen reveals iron tablets grouped together in the intestine,
a localized patch of gangrene of the intestine such as was found in our second case
15 to be expected. Ji so, a laparotomy should he considered after recovery from the
mitial shock stage to remove the tablets and to reseet the necrotic segment of bowel.

SUMMARY

Two cases of iron poisoning are presented. The clinical features and pathology
I the condition are reviewed and the available forms of treatment discussed. The
st of surgery in selected cases is suggested.

The photographs of Case 2 were taken by Techuical Sergennt Roland J. Englehardt,
University of Oregon Medical Schoal. Portland, Qre. (Dr. Clark),
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ere iron puisoning are

revicwed. Four cases are presented: the fust tenminated in death by acute hepatic
. Mailure; the second case awith severe first and second phase symptoms was treated
* successfully with peritoneal dialysis and calcium disodium EDTA; and in the third
and fourth cases recovery occurred after treatment by chelation and supportive )

mears. Tke clinical phases of acute iron poisoning are reviewed, and a logical

plan for management is formulated.

Thomas J. Covey, M.D.*
VALPARAISO, IND.
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FErrOUS sulfate poisoning was first re-
ported in American medical literature in
1850.* One half of the 42 recorded poison-

ings in children occurring in the period from

1947 to 1936 were fatal. The smallest dose
of ferrous sulfate resulting in death in this
series was 3 Gm. while as much as 15 Gmn.
were ingested with recovery. In animals the
fatal dose is calculated to be 150 10 200 mng.
per kilogram.® It is probably safe 1o assume
that as little as 1 Gm. can be fatal 10 a
child.?

Iron is an important cause of accidental
poisoning in children in England with the
frequency being comnparable to aspirin poi-
soning in the United States.! From 1950 to
1953, fifty-three deaths were recorded in

. Great Britain. The span from 1950 1o 1953

accounted for thirty-two of these fatalitics.

From the Depertvient of Pediutrics and the
Hekteer Tuititat, for Mecical Rewarck of ok
Coed County 11 spitai, (i, 1

CAdC e, D SEer W Dl VL, i,

In addition to establishing the mini:.o
probable fatal dose of ferrous sulfate in i’
dren, the Nincteenth Ross Pediatric K-
search Confcrence further correlated svre: -
tomns and sites of pathology and suggesweé o
specific  treatment  not  previoush  ustd
Three critical phases of severc jron peisor-
ing were described. The carly acute pi.-
with signs of vomiting of fresh or altere-
blood, diarthea and melena accomparied b
shock, coma and acidosis occurs within oo
half 10 one hour of ingestion. Recurter:
shock constitutes the second phase and -
curs 20 1o 18 hours after ingestion. Alésic!.
classificd these phases as initial cardiovas o
lar collapse with death in 6 heurs or less
the patient canuot be supported, a perie «
deceptive improvenent for 10 to 11 Lot
and a recurrent phase of severe usually frie
versible shoch within 20 homs of v
tion. Edathamil ecalehmm disodium El' S
was recorimended s o possible el
agent.’ ’

..
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hwed the phase of gastric obstruction. In

" 11 instances, the average interval of symp-

torns of obstruction from time of ingestion

" of ferrous sulfate was 4 wecks with a range

of 13 to 40 days. Five cases had pure pyloric
stenosis rcsulting from the direct corrosive
action of ferrous sulfate on the gastric mu-
cosa. The remaining 6 children had gastric
strictore and in 2 instances had pvloric
stenosis as well. One child, in addition to a
sticture, had a gastric ulcer pencetrating
inta the liver. )

At the Cook County Children’s Hospital
in Chicago, 1IL., 1,427 children who ingested
potentialiy’ poisonous substances were seen
fremt Jan. 1, 1962 to July 1, 1963, and the
taterial involved in 20 instances was jron.?
Oue fatal and three severe cases of iron
prisoning from this group will be presented
and the therapy outlined.

CASE REPORTS

Case 1. A, W, a 16-month-old Negro male
was admitied 1o Cook County Children’s Hos-
dital ot 2:15 A on Oct. 15, 1962, five days
afer he had taken 20 of his mother’s ferrous
wHate tablets, size unknown, In the succeeding
day e developed anorexia, fever, and lethargy;
redice was noted on the day before admission,

Pladical examination revealed an acutely ll
N, temperature of 103.8° F., pulse rate
T H o respinatory rate of 40, and weight 10
sloziams, Selerae and  skin  were markedly
i, and there was fetor hepaticus. The liver
e treand enlarged (6 6 om, below the right
Ul omarging, and the spleen was palpable by
e I gpine of supportive treatment with
T auue fuids, tetrneyeline and oxyvgen, he
“ed 12 Lours faer, ’

Y admision tle complete blood count was:
Cnedlohin 4.2 G, red blood colls 1,500,000,
e Blood eells 102,000 (correctsd 61,450,
L) tearophils, 21 hand forms, 23 lymphe-
TR weocyes, 3 myelocytes, 200 metamyelo-

e 2l 65 nudleated red blood cells. Other
YTy reporis were 2.plus urobilinogen in

SoUhLe, wrea bilirubin 99 me. per 100 ml.

e
Pkt

Tt 3.6 g, per 100 1), direcr, cephalin

e otion 4-;)]»:_\',_ thynol turhidity 4 units,

st T e

."?*i\,‘;'\l&-'bvl-‘&l.&v Ml l}l&: i ~.\'-.UM“.-_‘-
gecte with pyloric obsuuction is”alse” to * *
L auticipated. Gandhi and Robarts? ana-

w,bdlﬁfllu-&lwuqul l“‘l{l\“k’ Uvia J:l_. ~4
: and nonprotcin: nitrogen 67 mg. per
Significant autopsy findings werc
tration und massive necrosis of the ¢
_right lobe of ‘the liver with heme
posited in the fibrous septa. There w
thages and corrosive changes in 1
and first part of the duodenum, leuk:
tion in the hone marrow, and aspir
chopneumonia.® '
Case 2. M. P, a 23-month-old Ne
was adinitted to Cook County Chil
pital on Teh. 19, 1963, at 4:45 PA
ingested a minimum of 25 to a maxi
ferrous sulfate - tablets, size unknown,
noon, and within one or two hours
vomiting black material streaked with
had passed several black liquid stool
Physical examination revealed an
lethargic child with blood pressure 95
pulse 100, temperature 99° F, and
kilograms. Fifteen minutes later she
tose and unresponsive to stimuli. Gas
was immediately begun by wsing 3.}
sodium bicarbonate in tap water and
until the black bloody return became
other 3.75 Gm. of sodium bicarbona
c.c. of milk of magnesia were left in
ach, and intravenous fluids werce ste
serum iron level at this time was Jate
as 1,166 ug per 100 ml. and the hem:
43 per cent. A peritoneal catheter wi
two and a half hours after admission,
toneal dialysis wus begun with the use
tion containing approximately 370

“liter and  electrolyte composition s

plasma except for the ubsence of-,
Dialysis solution in 400 c.c. amount
tiled and withdrawn every 45 to Gl
Auempts 10 use a larger volume seerr
nificamly impair ventilation. Tetrac
added to the intravenous fluids becar
possibility of aspiration during gastr
Bloody emesis of about 200 c.c. oc
hours after admission, and 200 e.c.
blood was given with stabilizuion of
Fifteen hours afier dialysis was hegm
gan leaking from the site of (he cath
tion and limited justitlation of dialys
300 c.e. increments. This occurred
the asual psestring procedure as a
catheter was not avilable and aedul
had (0 be weed,

The patient develop. ¢ prefound s}

v
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A late phase of gastric s¢ arving and con-
tracture with p)lnuc obstruction is also to
be anticipated. Gandhi and Robarts® ana-
iyzed the phase of gastric obstruction. In
jt-instances, the average interval of symp-
toms of obstruction from time of ingestion
of ferrous sulfate was 1 weeks with a range
of 13 to 10 days. Five cases had pure pyloric
stenusis resulting from the direct corrosive
action of ferrous sulfate on the gastric mu-

cosa. ‘The remaining 6 childien had gastric

stricture and in 2 instances had pyloic
stenosis as well. One child, in addition to a
stricture, had a gastric ulcer penetrating
into the liver. '

At theé Cook County Childien's Ilospital
in Chicago, 111, 1,427 children who ingested
potentially poisonous substances were seen
from Jan. 1, 1962 to July 1, 1963, and the
material involved in 20 instances was iron.!
One fatul and three severe cases of iron
poisoning {rom this group will be presented
and the therapy outlined.

CASE REPORTS

Casc 1. A. W,; a 16-month-okd Negro male
was admitted to Cook County Children’s Hos-
pital at 2:15 aat. on Oct, 15, 1962, five days
after he had taken 20 of his mother’s ferrous
sulfate tablets, size unknown. Tn the succceding
days he developed anorexia, fever, and lethargy;
jamdice was noted on the day hefore admission.

Physical examination revealed an acutely il
¢hild with temperature of 103.8° ¥, pulse rate
of 10, respiratory rate of 40, and weight 10
kilogiams.” Sclerae and  skin were markedly
icterie, and there was fetor hepaticus. The liver
was firm and enlirged to 6 em. below the riglt
wostal margin, and the spleen was palpable by
2 cm. In spite of supportive treatment with
inttavenous fluids, tetracycline and oxygen, he
dicd 12 hows later.

On admission the complete blood comnt was:
hemoglobin 4.2 Gm, red blood cells 1,500,000,
white Dlood cells 102,000 (corrected  61,150)
with 25 neutvophils, 21 band forms, 23 lympho-
cytes, 8 nonacytes, 3 myelocytes, 20 metamyelo-
cytes, and 65 nucleated ved blood cells. Other
Jaboratory 1eports were 2-plus wrobilinogen in
the wine, serumy bilirabin 29 myg. per 100 ml.
indirect and 3.6 myg, per 100 ml. direet, cephalin
flocentation d-plus, thymol turbidity < units,

Ferrous sulfate poisoning 219

gamma globulin turbidity over 3.2 Gm. per cent,
and nonprotein nitrogen 67 mg. per cent
Significant autopsy findings were faity infil-
tration and massive necrosis of the caudate and
right lobe of the liver with hemosiderin de-
posited in the fibrous septa. There were hewmor-
rhages and corrosive changes in the stomach
and first part of the duedenum, leukemoid reac-
tion in the bone marrow, and aspiration bron-
¢ hopucu monii.®
fase 2. M. I, a 23-month-old Negro female
was admitted to Cook County Children’s Hox-
pital on Feb. 19, 1963, at 4:45 v She had
ingested a minimum of 25 to a maximum of 10
ferrous sulfate tablets, size unknown, that after-

- froon, and within onc or two hours had bLegun

\'()Il]llllls black material streaked with blood and

-had passed several black liquid stools.

Physical examination revealed an acutely ill,
lethargic child with bloed pressure 95/50, apical
pulse 100, temperature 99° F., and weight 10
Kilograms. Fifteen minutes Jater she was coma-
tose and unresponsive to stimuli. Gastric lavage
was immediately begun by using 3.75 Gm. of
sodium bicarbonate in tap water and continued
unti! the black bloody return became clear. An-
other 3.75 Gm. of sodium bicarhonate and 45
c.c. of milk of magnesia were Jeft in the stom-
ach, and intravenous fluids were started. The
serum iron Jevel at this time was later reported
as 1,166 pg per 100 ml. and the hematocrit was
43 per cent. A peritoncal catheter was inserted
two and a half bours after adinission, and peri-
toneal dialysis was begun with the use of a solu-
tion containing approximately 370 mOsm. per
liter and clectrolyte composition  similar  to
plasma except for the absence of potassium.
Dialysis solution in 400 c.c. amounts was in-
tilled and withdrawn cvery 45 to G0 minutes.
Auempts to use a larger volume seemed to sig-
nificantly impair ventilation. Tetracycline wis
added to the intravenous fluids because of the
possibility of aspiration during gastric Javage.
Bloody emesis of about 200 c.c. occurred 11
hours after admission, and 200 c.c. of whole
blood was given with stabilization of vitl signs.
Fifteen hours alter dialysis was begun flnid be-
gan leaking from the site of the catheter inser-
ton and limited justillation of dialysis fluid to
300 c.e. increments, Fhis occurred even with
the usual purseshing procedure as a pediuric
catheter was not avilable and an adult catheter
had to be used.

The patient developed profound shock with
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» ’hr it of G700 cent ,0 wours after Gdinis-
.sion, bt she improved following administration

of 200 ml. of plasma. Caleium disodium EDTA,
350 wyg., intramuseularly, every 12 hours for 10
doses was begun 2 hours later. The next day
the paticnt developed signs of consolidation of
the right middle lobe and the peritoneal fuid
was doudy. A Gram stain of the peritoncal fluid
was interpreted as gram-positive diplococei; the
intravenous antibiotic was changed to aqueous
penicillin G, 5 million units per 24 hour periods,
and the dialysis was,discontinued. Heus with

“abdominal” distention which followed was re-

lieved with continnous Levin suction and fluid
and clectrolyte replacement. The potassium at
that time was 5.7 mEq. per 100 ml so hypo-
kalemia was not thought to be the etiolozy of
the ileus. When gram-negative rods, later identi-

“fied as Escherichia coli sensitive to chloram-

phenicol and colistin, were discovered in the
dialysance culture, intravenous antibiotic therapy
was changed to chloriunphenicol.

By February 27 this patient had improved
enocugh to take fluids orally. The antibiotic was
continued for a tatal of 8 days until March 4.
However, after chloramphenicol was stopped,
fever, abdominal pain, and distention returned.
and colistin was given, 23 mg. intramuscularly
every 12 hours for 6 days. The patient (M. P,
was markedly improved by March 9 and con-
tinued 10 remain well. Urine culure grew Staphy-
lococcus aurcus and enterococci, sensitive to nitro-
furantein and with colony count over 10° on
March 18, 1963, and nitrofurantoin was given
orally on March 21 for 10 days.

time of admissicn to ltbmar, 27; antacid ther.
apy with aluminum hydroxide gel from Febry.
ary 20 to March 18; daily intravenous and they
oral vitamins, and supportive nursing care. Ay
upper gastrointestinal series was normal one
month after admission. and the patient was dis.
charged in good condition, apparcady recovered.
Laboratory data are summarized in Table 1.
and the most interesting data concerning d.-
alysis and values of jron in serum, urine,
and dialysance arc- to be found in Tabl.
II.

Case 3. A. L a 2l-mumh-old Negro male
was admitted to the Cook County Children’s
Hospital on May 21, 1963, at 11:00 r.ar., 4
hours after ingesting an unknown number of
iron and calcium tablets, probably less than 15,
prescribed for his mother. The amount of iror,
contained was not known. Two and one half
hours after ingestion he regurgitated abou: I
tablets and then vomited twice more.

Physical examination showed a child of 12
kilograms with temperature of 97° T., blud
pressure of 100/60, pulse of 120, and shaltuw
respirations of 30 per minute. He was seni-
stuporous but responded to, pain. Ilis pupik
were miotic. The abdomen was soft with hyper-
active howe! sounds. After digital rectal exami-
nation therc was expulsion of a watery black
stool. Deep tendon reflexes were mnot elicited.
The patient was lavaged with sedium hicarbo-
nate and given an enema of normal saline and
sodiunt hicarbonate. An admission scrum iron
concentration was 463 gamma per 100 il the
hematocrit was 33 per cent, carbon dioxide it

. — o ——
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Table 1. Summary of laboratory duta. Patient M. P,

: | Uy Na cl K Co. * Prot. A/G Feterss
Date {fmeg. %) ! (mEq.) (mFq.) (mkFey) (mEq.) (Gm. €7) s
2/20 10 - 130 97 5.2 17.3 4.2/24 b
2/21 135 99 8.1 5.2/26 10
2/39 22 131 95 5.7 4.4/28
2/2% 52 136 91 5.7
2/25 13 139 94 3.2 32.7 3.1/2.3 "
2/26
",""7 6 135 85 53 30,0 _ 8
2/:8 7 128 90 1.3 ’ it
3/1 9 141 89 37
3/4 11 128 ) 4.3
3/5 6
a/1 1. 4
4.1 1h .. .

S i o 4039 .0 . 6
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*mEqormieery and nanproicin nitrogein 20 mg” < “was aduiittéd to the Cook Cotmiy Children's
, Hospital on May 22 at 7:15 por, ! Lour after

gt G ml. Intravenous fluids and oral aluri-
s Diydroxide gel were' initiated. Cajcium di-
wodium EDTA was given, 450 mg., imtramuscy-
L“:fl)'- every 12 hours, beginning 2 hours after
admission. On May 22 at 7:15 A he was
“awake and crving. Vital signs had remained
stable and he voided for the first time since
admission. The urine contained 160 gamma iron
per OV ml., and a serum _iron obtained shortly
afterward was 181 gamma per 100 ml. The
simravenous fluids were discontinued later that
~vening, but calcium disedium EDTA was con-
tinued for a teial of 5 days along with oral
vitzmins and antacid treatment.. A flat film of
the abdomen showed contrast material remain-
g in the stomach and reciosizmoid arcas even
afier two 30 c.c. enemas of normal saline on
My 2i. Ile was discharged on May 26 in good
ceaelition,

Serum jron on May 23, thirty-cight hours
afier ingestion. was 65 gamma per 100 ml. :und
aarine at that same time contained 80 samma
ire per 100 ml. The iron binding capacity was
217 gamma per 100 ml. and total iren binding
vapacity 282 gamma per 100 ml with 23 per
vent saturation. The urinalvsis was normal on
May 23 except for 2-plus coproporphyrin Iil.
Yeur verial liver profiles, including serum pro-
vins. icterus index, cephalin fluceulution, thymol
unbidity, gamma globulin turbidity, and alka-
ane phosphatase, were  normal. Hennatologic
studics showed: Hemoolobin 11.2 G, red blood
el 105 million, white blood cells 15,100 with
# shift to the left :

Case 4. A. H.. 2 17-month-old Negro male

: 22/

ingesting 90 Mol-iron tablets 195 my. ferrous
sulfate per tablet). Ile had vomited spontane-
owly at least 5 times after taking the pills,

_and in the admitting pavilion he was lavaged

and an universal antidote was instilled into his
stomach.

" Admission examination revealed a child of 10
kilograms with apical pulse of 120 and respira-
tions of 23. He was apparently in good health
and showed no significant findings other than
mild lethargy and the vomiting of clear material
with dark flecks of blood. Maintenance intra-

- vemous fluids with 750 mg. of EDTA for 24
hours were started zfter obtaining an mital
.serum iron of 592 gamma per 100 ml. The chiid

was placed in an oxygen tent and given 5 mz.
of vitamin K oxide, intrainuscularly, and oral
aluminum hydroxide gel. Four hours after inges-
tion the child was very lethargic and difficult
to arouse, but the blood pressure and other viial
signs were stable. No diarrhea had occurred so
he was given a normal saline enema. Fifteen
hours post ingestion he ‘as still lethargic bus
otherwise well, and a flar il of the abdomen

did not show radiopaque material. A repeat
“serum iron at that time was 400 gamma per

100 mil. and the first urine was voided which
contained 200 gamma of iron per 100 ml. By
23 hours he was alert but frritable, veiding and
apparently noremal. Another 750 mg. dose of
intravenous. EDTA was placed in the mainte-
nance finids for the next 24 hour period. Fol-
lowing this. fluids were given orally and EDTA
was continued, 373 mg. being given intramuscu-

. i ' Gamma | Alkaline
I Thymdl globulin | plosplutase
P turbidity | qurkidity (Bodanciy ! Mb
CAMac LU L (Em ) U wpin SCOT/SGPT — WBC 1 (Gm.)
Bootus 30 1.10 24,400 158
Pl 4.1 0.85 )
il 2.4 0.70 65
. 18,200 10.8
<2l 38 1.20 9.1
LR 5.0 0.94)
fot 9.7
. .4 n.7u Uity
1t 6.8 20 15 10
(o N E R 5 ey
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Table TL Summary of dialysis data and values of iron®* in serum, urine and

JER T _I"'tbrunr'y 1964

I

dialysance [ T

- TIm e e ..—l.)._-.,-_:..,.- m——a r-.l—:-“(“’ - X - ‘ ’l.o.‘:,_!_
—— MO e e} Fent "4 H.| Total < 155 Fen|Sh Fee|Fen ou

In | Out Test pavima | Folll Feel |7 Fes§ | teu test ! pamrg

Date fcc.}) (e.c.) (v.r.) test ‘ (r.c.) | gamma | pamma |gammalganima ' feale i

2/19 1600 1,500 5,781 529.1 1,166 9.2 6o7 8

2/20 700 608> I 0§ , -

2/21 V5700 5,110 L 5717%** 8189 170 380 168 143 809 77716

2720\ 2,800 2,500 1 1.90p%** 302.7 350 260 203 159 788 , 3975

2723 V .

22V ~ -

2/315 W . : 47

Total 17,800 15,525 1. 13.355 1.750.7 o 1,873.2

Inter-relationships of iron in serum, urine end dialysance: On 2/21/1963 and 2/22/1963 when simulia-
neous scrum. urine. and dialysance iron levels were obtained, 1175.4 gaminina Fe was removed in dialysance
{calculated) and 610 gumma e was excreted in the uriae. Fe was removed in dialysance, 697.8 gamma
caleulated, even before caleium disndium EDTA was given. This chelating_agent increased the iton
removed in dialysunce by at least 5377 even in the presence of a normal serum iron level.’ : .

*Fe determinatioas hv Laboratury of R. J. Dern, M.D., Hekwoen Institute for Medical Research, Chicago, lll

*#2/21 and part of 2/20

v discontinued at J:00 poyp (pt‘riumilis)

{Fen = Total gamma o gunma®, Fe in dialvsance

$Fer .= Total gaanmna or gammat% Fe in wrine

ey, ) .
larly every 12 hours for 6 doses. Aluminum hy-
droxide gel was continued at intervals of 4 hours
and vitamins were given daily. A serum iron at 40
hours was 10 gamma per 100 ml and at 64
hours was 9 gamma per 100 ml. with iren hind-
ing capacity of 364 gamma per 100 ml.. total
iron binding capacity of 373 gamma per 100
ml, and saturaion of 2 per cent.

Other laboratory tests were: normal wrinalvsis
on AMay 23; hemogiobin of 5.4 G, per 100 mi,
red blood cells 3.4t mxlhunt. and white bloud
cells 8,600 with normal differential. There were
3-plus  hypochromia,  1-ples microeytosis. and
2.plus anisocytesis noted. The hemoghobin rose
to 6.1 Gm. on May 28 and 6.8 G, on May 31,
Liver profiles, inclading those noted in Case 3,
were borderfine normud on 5 differ-nt oceasions.
Flectrolytes and blood urep nitrogen were nor-
mal except for o cvrbon dioxide of 195 mEq.
on May 23, 1lis course was uneventful, und he
wis discliarged on June 4+ o retarn for re-
admission o June 280 At this time there were
no symproms, and |hn physical examination was
novmal. Hemoelobin was 55 G per 100 ml,
red blood cells 504 mitlions, white Lland eells
12,400, and Jdifferential normal except for 7 per
cent eosinophils. There was 3-phas hype hromia,
2-plus  anisocytnsis, and 1. phn BT VLosis,
Liver profile and upper gastrointcunal series
were Loth normal.

) w2/19 and part of 2720 - : . A

§Fes = Gamma% serum Fe
2V = Calium disodium EDTA begun at aoon
SL = Unknown amount of leakuge <N

DISCUSSION AND CONCLUSIONS

The treatment of iron poisoning by mears
of chelation with EDTA is “well grounded.
Theoretically, this chelating agent should
form a soluble, relatively nonionizable, not
too toxic compound in its combination with
iron and thus be available for' excretion.
Experimentally, calcium has been shown to
be less strongly hound to EDTA than iren.”
In fact, this was shown to be true clinically
by Wishinsky and his co-workers'” who use:l
calcium disodium EDTA to mobilize audd
remove iron in an adult with hemochrone-
tosis. Their patient’s excretion of iron was
1.2 mg. per day or almost 4 tines normal.
With daily intravenous administration of
the chelating compound this baseline exere-
tion of iron was increased threcfokl. The
only untoward effect was a rapid fali i
prothrombin activity, Bronson and Sisson®
demonstrated in dogs severely intoxicated
with iron that caletiin disodium EDTA fose-
ered serum iron concentration and prolonges
survival time. One case of iron peisoning
a child was managed with this agent hat
the child died ) hours after ingestion of
the ron. ™ v ) .

- o — o o 8
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¢ snt That is, a steep decline in serum iron

oD

e yme 0t Number 2
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. ‘fwo children with severe iron poisoning
vovered when Schafir'® first successfully

" ed the recommended one dose calcium di-
v oedinm EDTA treatment of 80 mg. per kilo-
" eam. one half the dose being given intra-
yeaausly and one half orally after removal
ot 2¢ much ferrous sulfate from the gastro-
tatestinal tract as possible and adninistra-
don of oral sodium bicarbonate to form an
vwoluble jron compound. ‘The initial serum

. tun lened in the first case was 6,080 gamima
e 100 ml. and by the fourth day had de-
*ereased to 320 gamma per 100 ml. The only
uine value obtained was 90 gamma iron
per 100 il on the eleventh day when a
smultancously obtained serum iron was 256
emuma per 100 ml Schafir’s second case had
a.first day scrum iron level of 373 ganma
per 100 ml, which decreased to 200 on the
svond day when the urine iron was 217
- garuna per 100 ml Another child was suc-
1 “tedully treated by Barric and Wilson™
P Ve initial iron level was 4,840 gamma per

- -

cectan o — - e

" mi. and 36 hours after admission the .

“lue had declined to 137. Very significantly,

i
t _ they demonstrated that when all recorded

s of jron poisoning that had serum iron

= devels reported were ‘graphed, the levels fol-

bued the same pattern regardless of treat-
“Nanred in 36 hours with the lowest levels
fusent in the patients treated with EDTA.
4 on wrine iron concentration in cases of
» ivming are Jimited to the previously men-
toned instances in man. Foreman and co-
wvf:“"'-"z showed that excretion of radio-
#Uve hon in the rat was doubled by chelat-
VR agengs,
. 'I:"'--'- the aforementioned evidence it s
"l','.':""_r o conclude that the use of calcimm
Gaelium EDTA is of great value in the
A tent of acute iron poisoning. However,
whea dlis is used as the only mecans of 1e-
Taoval of absorbed iron, the sole avenue of
retion s by way of the urine. Since the
st g phases of shock may compromise
‘ ;l‘"“"l flow to the kiduey and reduce urine
_‘A:""'"’('- it becomes evident that this mode
O exeretion will be impaired. Furthermore,
$nee there is a sharp decline in serum iron

Lo

N . .
. ' . .

¢
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within 36 hours regardless of treatment, it
is quite likely that this represents diffusion
into tissue. Thus, a single dose of 500 mg.
of intravenous calcium disodium EDTA as
recommended nay not be enough to chelate
all the excess iron present. There are. theo-
retical objections to the oral use of this com-
pound as the chelate is soluble and may be
partially jonizable. ‘Thus, an additional po-
tentially toxic quantity of iron might be ab-
sotbed through the intact lower small bowel.

Othier mcthods with or without the use
of EDTA have been tried or. suggested to
remove absorbed iron after acute poisoning.
Amerman, Brescia, -and Aftahi'® in 1958
used exchange transfusion in treating a child
who recovered as did Weichsel** in” 1962,
Combined chelation, hemodialysis, and alka-

linization as a treatment for iron poisoning’

was suggested by Felts, Barringer, and Meri-

-dith*® on the basis of in vitro experiments.

They found it possible to dialyzc ferric am-
monium’ citrate from saturated reservoirs
and recoverics were 25 and 57 per cent of
added iron. When calcium disodium EDTA

" was infused directly into the reservoirs, the

yicld was increased to 44 per cent and 69
per cent after 4 hours of dialysis. Under
ideal conditions, in severc iron poisoning
when urine flow is markedly reduced, intra-
venous calcium disodium EDTA and hemo-
dialysis appear to be the treatment of choice
in removing absorbed iron. However, this is
not readily available except in large medical
centers, and precious time in carly critical
hours after iron poisoning is consumed in
sctting up this procedure.

Peritoneal  dialysis suggests itself as a
simple, almost universally available tech-
nique for removal of iron. Data from Case
2 tabulated previously show that a signifi-
cant amount of iron was removed by dialyxis
alone in the first 40 hours. After adwiinis-
tration of Intramuscular calcium disodinm
EDTA, the concentration of iron in dialy-
sance was increased by 53 per cent even in
the presence of a normal scrum iron level,
On Febrary 21, when serum, dialysance,
and urine iron levels were simultancously

L obtained, the caleukuted  total  dialysance



oy could Le Mumn:u'izctl in this mun-

1 Indnw cmesis \ntl) p'uunt in prone
po-iiion and neck-flexed to prevent aspira-
o, and then initiate gastric Javage| with
sudium bicarbonate. Leave a solution of so-
dizin bicarbonate and a saline catharlic in
li.c stomach.

2. Intravenous fluids should be given as
swon as possible and should contain intra-
vesous caleinm disodium EDTA, 50 to 75
iz per kilogram per dayv divided inte two
duses to chelate all possible free absorbed
iron. After the second shock phase is passed,
this compound mayv be given intramuscu-
Lily for a total of 4 or 3 days. This agent
should be administered cven in the absence
of svmptoms if there is a well-documented
Listory of ingestion of one or more grams of
frarous sulfate or the amount is unknown.

Calcium disodiuin EDTA should be |con- -

tnued until serum iron or wrinary | iron
siues are known, if they can be obtained
teadily or umil 48 hours have clapsed since
U~ time of poisoning and second phase
V."::lp!()l):;lt(llugy has not occurred.

" Blood, plasma, and vasopressors in ad-
“#itin 10 intravenous fluid replacement| and
*ibjortive measures should be used for any
“inof cardiovascular collapse.

+. Peritoneal or hemodialysis ray hecon-
sidered in addition to the aforementibned
turasures if severe first phasc svmptoms are
srecent and urine flow is greatly redecod or
dm-m

5 Intravenous and oral vitamins may
Leip to prevent liver damage, and oxygen
. afford further protection during the
-1 18 hours after poisoning.

., Laboratory  determinations should in-
“dade serum proteins when dialysis is wsed.

s tine electrolvtes 1o gnide in maintenhince

Tids and treaty vt of acidosis, liver flime-
1.

tts to detect signs of “wepatic injure,
KX

4 at deast a serum iron diawn on al-
sy,

«« Upper gastiointestinal series at 4 vieel «
2 in the abwence of gasivic obatrudtion
1. ;,. qmt IV reconnn m‘“cl to rule| ot

2r1e e laiege &l vidip
21 A< fﬂ

T Broswon, W o cod Sie oy,

P L
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‘or duodenum. Laparotomy should be cen- -

sidered i persistent vomiting occurs -uw_
time after the second week post poisaning
and an upper gastrointestinal scries cortobo-
rates the diagnosis of obstruction. Early and
conlmuous antacid and dictary thcr':p" may

~help in prevention of this Lomphcatxon.

/-

Cases 1 and 4 were from the service of Dr.
Joseph Greengard, Chairman of the Department
of Pediatrics, and Dr, Matthew Lewison. Case 2
was from the service of Dr. Rowine Haves
Brown, and Case 3 was from the service of Drs.
Ira M. Rosenthal and Ronald B. Mack. These
attending  pediawicians kindly  permitted pub-
Veation of the ufnremmnoncd cases. Dr. Paul
Szanto, Chairman of the Department of Pa-
thology, kindly permitted publication of the
autopsy findings of Case 1. ’
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FATAL CASE OF IRON INTOXICATION
_ ‘IN A CHILD

Charlotte D, Curtiss, M.D. -
and )

Alexander A. Kosinski, M.D., Johnson City, N. Y.

Acute iron intoxication in children has now been suf-
: ficiently well documentcd to have become a readily rec-
ognized clinical entity; it seems worth while to report this
additional case because the number of recorded cases is
still small and because this case presents the unusual fea-
tures of severe hepatic and renal damage.

REPORT OF A CASE

The patient was a 21-month-old white girl who was admitted
to the Charles S. Wilson Memorial Hospital on June 7, 1953,
with a history of having ingested a large (but unknown) number
of iron-containing capsules about eight hours previously. (The
composition of these capsules is given by the manufacturer as
dricd ferrous sulfate 0.162 gm., liver concentrate N.F.,, 0.17 gm.,
and dried yeast.) Before admission the child had been vomiting
and having diarrhea and had gradually lapsed into unconscious-
ness. On arrival at the hospital, she appeared lethargic and de-
hydrated. She was in shock; no blood pressure was obtainable,
the pulse was rapid, and the skin was cool. Her pupils were
dilated and reacted sluggishly to light. Noisy, irregular respira-
tions and coarse bronchial rales were heard. Plasma, blood, and
other fluids were given intravenously. The patient appeared to
rally but continucd to have intermittent hematemesis and bloody
diarrhca. Approximately 48 hours after she had -ingested the
pills, the child died suddcnly in acute pulmonary edema.

Autopsy disclosed diffusc and severe congestion of all -the
viscera. Petechial hemorrhages were noted in the pericardium,
pleurae, thymus, and adventitia of the aorta. The right and left
lungs weighed 195 gm. and 160 gm., respectively. They were
bulky, congested, and readily oozed blood and foam. Although
the gastrointestinal tract was patent throughout, superficial
hemorrhages were present in the mucosa of the stomach, lower
fleum, and rectosigmoid colon. In addition, two superficial dark
gray ulccrations, each about 2 mm. in diameter, were found in
the fundus of the stomach. The liver wcighed 480 gm. Its inferior
aspect showed an orange-yellow speckling, which on section was
secn 10 extend deep into the parenchyma. The organ was rather
soft and intenscly congested. The Kidneys were unusually heavy,

From the Charles S. Wilson Memorial Hospital Pathology Laboratory,
Dr. Racburn Wharton gave permission to report this case.
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weighing 80 and 60 g, The cortices, bulging and yellowish-tan,
were shirply demitrcated from the congested medullae. Blowd
studies performed on specimens obtained at autopsy ((wo howrs
post mortem) revealed o nonprotein nitrogen level of 121 myg.
per 100 ceand a scrum chloride level of 540 mg. per 100 cc.
the Wisscrmann reaction was negative, :

Microscopic examination generaily confirmed the gross find-
ings, The lung parenchyma and pleurie were congested, focally
hemorn hagic, and edematous. No pncumonic process was ob-
werved: however, small Iymphocytic infiltrations around the
imonchi were considered evidence for an unrelated chronic
bronchitis. The stomach and small intestine showed mucosal
Iesions that were largely limited to the superficial portions bor-
dering the lumen. Occasionally the necrosis extended more
deeply into the mucosa, forming small foeal ulcerations covered
by a purulent exudate. Diffnse congestion, edema, and tiny
bemorrhages were found throughout the sections. Considerable
accumulations of dark brown granular pigment were noted
within the mucosal glands and stroma. The liver parenchyma
revealed a patchy but diffuse degencration, haphazard in its
distribution and varying in severity from cloudy swelling 10
actual necrosis. The lobular pattern was disturbed in the arcas
where cords of liver cells were broken up or irregular sepments
of parenchyma were shrunken. The extreme engorgement of the
sinusoids and the presence of many new and recent hemorrhages
suggested that much of the pigment present was of hemic origin.
‘The adrenal glands were congested, with focally hemorrhagic
medullae. Depletion of cytoplasm in the cortical cells was fairly
rromincnt. The Kidneys were involved by a severe tubular
nephrosis. Extensive degencration and necrosis of the tubular
cpithelivm were found, with no particular regard for any upper
or lower nephron localization. The tubular lumens contained
desquamated lining cells and irregular clumps and granules of
amorphous material.

The presence of granular brown pigment in many of the tissucs
studied aroused the suspicion that the material .might represent
the toxic agent. In order to distinguish this material from any
breakdown product of hemoglobin, tissue sections were wished
to remove formaldchyde fixation pigment and stained by the
Turnbull blue method for reduced iron. By this means, jiron was
demonstrated in the gastric and intestinal mucosa. It had im-
pregnated the surface epithelium; it was present in the lumens
of the glands and in the small veins, oficn appearing concentrated
in the endothelium. The rather lurge amounts of pigment in the
liver were apparently of hemic origin or clse represented some
allered product of the absorbed metal; no reduced iron wus
found in the liver. The kidney sections, stained by the Turnbull
method, revealed numerous tubular casts of the characteristic
blue color indicative of reduced iron.

COMMENT :

The casc reportcd here illustrates many features com-
mon to other reported cases of acute iron intoxication.’
The patient is usually a young child who has accidentally
ingested a large amount of some medicinal iron prepara-
tion. In a few hours he appears quite ill, pale, restless,
and nauscated. Vomiting and diarrhea are common but
not invariable. Gradually the child becomes drowsy and
lethargic, often lapsing into semiconsciousness or coma,
Signs of peripheral circulatory failure then intervene:
a falling blood pressure, rapid pulse, and cool, cyanotic
“kin. The first “danger period” is this early phase of
about four to six hours, when the patient may dic in an
apparent state of shock. Often, however, the child scems
to improve rapidly during the next 12 to 24 hours, only
to dic suddenly during the second danger period, 24 to
48 hours after the ingestion of the iron.? At autopsy, the
most striking lesions are scen in the gastrointestinal tract,
where the escharotic action of the metal has produced
Mucosal necrosis, congestion, and focal hemorrhages in
the stomach and small intestine. Diffusc congestion and
Petechial hemorrhages of the other viscera are usually
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present. Hepatic and renal fesions are variable, Mild de-
generative changes  (cloudy swelling) are described.
Riwely, more severe lesions such as. focal necrosis :i.e
found in the liver.®

Approximately onc-hall of paticnts ill enough to at-
tract attention as examples of iron intoxication have re-
covered. Clinical studics of ill and convalescing patients
are rather meager. Spencer ® reports that the serum iron
may risc to 15 fo 100 times its normal level. Abnormal
resulls were obtained when liver function tests were per-
formed on several recently recovered patients. Murphy
and co-workers,* however, were unable to find evidence
of hepatic or renal damage in their case. In our case, both
the liver amd the kidneys showed unusually severe de-
gencrative changes. :

The mechanism of action of iron as a toxic agent is
unknown. Most investigators are in agreement that the
early symptoms of vomiting, diarrhea, and dehydration
are duc to the corrosive action on the gastrointestinal
mucosa, leading to ulceration, edema, and loss of fluid
into the gastrointestinal tract. Furthermore, this destruc-
tion doubtless abolishes the normal “mucosal block”
that ordmarily inhibits the absorption of more than small
amounts of iron.' One may postulate that the loss of
body fluid via the gastrointestinal tract can produce
severe dehydration and irreversible shock in much the,
same manner as occurs in infant diarrheas. Against this
hypothesis it can be argued that in none of the reported
cascs was the loss of fluid by diarrhea and vomiting con-
sidered to be impressive. Also many of the patients were
old enough so that such fluid loss as occurred might be
expected to be borne with greater impunity. Finally,
prompt and energctic efforts to restore the circulating
volume were often unsuccessful.

That the basic picture of acute iron intoxication is es-
sentially the same as peripheral circulatory collapse is
now widely accepted. As pointed out by J. P. Smith,’
the cold, cyanotic skin, rapid pulse, and irregular respira-
tions are typical. Restlessness, drowsiness, and coma had
carlier led some of the English investigators to propose
a specific toxic effect of iron on the central nervous SYS-
tem.’" It should be borne in mind, however, that the same
symptoms arc common in impending shock from any
cause. Autopsy findings in the central nervous system in
the cases reported to date have yiclded nothing conclu-
sive. The greatest interest has been stimulated by the
work linking iron intoxication to the vasodilator ma-
terial (VDM) shown to be present in the blood of ani-
mals in experimental shock. This substance, normally
present in liver and spleen, and capable of producing
shock when released into the blood stream, is now be-
lieved to be identical with ferritin® The latter, a com-

1. (a) Smith, R. P.; Joncs, C. W., and Cochran, W. E.: Ferrous Sulfate
Toxicity: Report of Fatal Case, New England ). Med. 2133 641048
(Oct. 26) 1950. () Poisoning from Accidental Ingestion of Medicinal lron.
editorial, J. A M. A, 1481 1280 (April 12) 1953, (¢) Dutty, 1. L., and
Dichl. A.: Ferrous Sulfate Poisoning: Report of Three Cases, ), Pediat.
40: 1-5 (Jan) 1952, (d) Swifi, 8. C.; Cefalu, V., and Rubclt, E. B.:
Ferrous Sulfate Poisoning: Report of Fatal Case, ibid, £0:6-10 (Jan))
1952, (¢) Furbes, G.: Poisoning with Preparation of tron, Copper, and
Manganese, Brit. M, ), 1:367-370 (March 22) 1947,

2. Spencer, 1. O. B.: Ferrous Sullate Poisoning in Children, Brit. M. ).
2: 1112-1117 (Nov. 10) 1951,

3. Murphy, J. W., and others: Acute Iron Poisoning: Report of Case
and Review of the Literature, Arch. Pediat. G883 303-308 (July) 1951,

4. Smith, J. P.: ‘Jhe Pathology of Ferrous Sulfate Poisoning, J. Path.
and Buct. 61:467-472 (July) 1952,
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pound of iron with the protein apoferritin, represents a
normal storage form of iron and also the immediate
product of iron absorption in the intestinal mucosa. 1t is
postulated that excess absarption of jron leads to cxcess
formation of ferritin, resulting in severe and prolonged
shock.* The diffuse and nonspecific nature of the ana-
tomic lesions is not particularly helpful in clucidating the
mechanism of iron toxicity, Nevertheless, the histological
findings in these organs are consistent with those pro-
duccd by anoxia secondary to periplicral circulatory col-
Japse, except, of course, for the presence of iron in the
renal tubules. In regard to this latter finding, the situa-
tion is analagous to that in the “crush” syndrome and the
hemoglobinuric nephroses. The tubular casts may pos-
sibly come to be considered as incidental rather than as
a direct causative feature.

33-37 Harrison S1. (Dr. Kosinski).
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~(PraTrs J\XV AXD. XXVI)

The eflicacy of iron therapy in the trcatmcnt of ccrtam anmemias has
long been recognised. The physicians, Sydenham (1681, translated
1850) and Blaud (1832) prescribed large doses of iron and obtained
beneficial results. Later workers (Quincko, 1895 ; von Noorden, 1906)
advocated the use of much smaller doses because of the limited absorp-
tion of iron from the intestine ; these small doses proved ineffective
clinically and the therapeutic value of iron became discredited. Later
investigators (Lichtenstein, 1918 ;. Meulengracht, 1923; Brock and
Hunter, 1937; Widdowson and McCance, 1937) re-emphasised the
need for large doscs of iron and showed that ferrous so,lts were more
effective than ferric (Witts, 1936). : .

However, with the increased use of large doszcs of ferrous salts. there }ms
been a progressive increase in the number of fatalitics from accidentol ingestion
of large amounts of the drugs, especially amongst children. Soventcen deaths
were recorded in Great Britain between 1940 and 1949, and 32 between 1950
and 1953 (Committee on Toxicology, Report, 1859). The symptoms of this
poigoning have been reported as shock, gastro-intestinal irritation, necrotic
losions of the stomach and intestino, together with slight damage to other
organs, especially the liver and heart (Forbes, 1947 ; Thomson, 1947, 1950 ;
Duffy and Diehl, 1952 ; Swift, Cofalu and Rubell, 1952). Recently Davis (1960)
has reported o case of gastric stricture in a girl aged 6 months, which developed
6 weeks after the ingestion of 30 tablots of ferrous sulphate ; there wero dense

- perigastric adhcsions, a gastrie stricture 5 em. long, thickening and rigidity of the

stomach, and extensive ulccration of the gastric mucosa. Nine other cases of
gastric stricturo which occurred approximately 5 weeks after the ingestion of -
largo numbers of ferrous sulphate tablcts were also reported. TFurthermore,

‘many cases of intolerance to ferrous salts oceur, with symptoms of nausea,

vomiting end gastro-intestinal ups"ts {Benstead and Theobald, 19.).. : Gatenby
and Lxlho, 1855 ; O’Sullivan, Higgins and Wilkinson, 1955).

* Because of the present widespread clinical uso of a v:mety of iron

" preparations, and the frequency of accidental poisonings, it was thought
- of importance to determine the relative safety of these iron salts when
" administered orally. The dog was selected as the experimental animal
- for this worlk, because in this species it is possible to observe ‘many of
‘the toxic S}'nlptoms that havo Leen reported in man. :

4 MATTRIALS AXD METHODS | T - -

\Iongrol dc'vs of cither sex woeizghing G-14 kg. were usod ; they were housod

in groups of 6,and maintaincd on a proprictary bru.nd of dog food dog biscuitsand
3. PATHL. PACT.~YOL, 83 (1062) 65 B
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showing damage to epithelium
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epithelial cells, of villi.  Perls”
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wpwater. They wore fed onee o day and thisroutine was inaintained throushout
she experiments.  Tho ferrous salts were tested in two fortas 1 - the chemical
compressed 1nto pellets, and () the corresponding couunerciul - preparation
o the dea in tabiet form.  The pellets or tablets were adninisters] by placing
them at the back of the thiroat and indaving the dog to swallow.* The aaimals
were killed by an intravenous or intrathoracie injection of pentobarbitone
«dium (Nembutal) 24 hr after dosing : necropsies were earried vut imnuadiately.
Al organs and tissucs were examined and portions of heart. lunz. liver, kidney.
spleen, stomach and intestine were remeved for histological exardination.  See-
uons of these organs were stained with Ikematoxyln and eosin to detect
wllular damaze, end duplicato sections were stained by Perls’ reethodd o
determine the degree of iron absorption or iron deposition in the tissies.

Because of the large numbers of teblats involved. it was zenerally not possible
towlminister sufiicient quantities of the iron compoinds= to cause death. therefure
thetoxic cffects of the compounds were asseszed from the severity of the symptoms
and of the maeroscopic and microscopie changes in the vrgans.

REstLTS _

In initial experiments the relative toxicity of ferrous carbonate,
sulphate and gluconate was investigated : for convenience. these
compounds were administered compressed into pellets. A dose of
ferrous carbonate as high as 1-5 g. ferrous iron per ky. did not produce
any symptoms of toxicity, nor was there any post-mortem or histological
evidenee of damage to the stomach and intestine. In contrast with this,
ferrous sulphate at a dose level of 0-6 g. ferrous irun per ky. was fatal,

and a dose of 0-3 g. per kz. produced extensive uleeration and intlam-

mativn of the stomach and duodenum. Ferrous gluconate, although
less toxic than the sulphate, was more toxic than the carbonate.
since, although not lethal, it produced gastro-intestinal damage at
dose levels of 075 and 0-375 g. iron per kg.  The results of these experi-
lients are summarised in table 1.

Tlese resuits made it seem worthwhile to do some experiments in
whivh wccidental ingestion of large numbers of tablets of ferrous salts
wassinsulated ; commereial preparations of ferrous carbonate. sulphate.
glucunate and succinate were used.  Ferrous carbonate tablets contain
ahoui 50 my. ferrous iron per tablet; ferrous sulphate (B.P. and
N.F.). 6o mg.: ferrous gluconate B.P.. 39: and ferrous suceinate. 3 my.

e aesults of these experiments are summarised in table 1L and

confiing {he results obtaiized in the mitial experiments.

At a dose level of 3-0g. ferrous iron per ky., ferrous carhonate
Iroduced slihié uiceration at the junction of the fundus and pylorus
(hie s, fig. 1), or slight inflamunation of the fundus. At -5 g. per ke..
bivcver, there was no macroseopie or histological evidence of any
oo (o the stomach or intestine (dog 11, fig. 2).  Ferrous sulphate
ted severe uleeration of the fundus. pylorus and gastroduodenal
Binciion whoen administered at Qoses of 075 and ©-375 ¢, per k.
(oo fiz. 3). Decreased dosage caused a correspu mdingly less deeree
oi damugé, Lut even at dvses as low as 0-012-0-023 «. per ke, there
were polated patehes of uleeration.  Ferrous vluconate and ferrous
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Toxio cffects in doge of oral udministrution of ferroun salts

Uccurreucs of Yout-mottom e+ kiewee of gastew- lntestinal damegs In
' L Qeneral - S e e ———— e e ———
Body-welght . Dose (4. ferrous dition after .
" Doc Ig’., "1 ., Componnd b‘;:;’;_’:.'rl‘bm :‘.’.‘.‘.;.z.ni’.’}:uu"n %“ g - 3 2 S% 2 § ' % .
: : ' ‘ E s . :
, . - 1 3 | 2 kRl B islig
., 1. 12-5 Forroua earbonate 15 Normal - - - - - - - l - —
' 2 8-4 Ferrous carbonate 16 Normal - - - - - - - .- -
3 v-0 Ferrous carbonate 10 Normal - - - — - - - - -
4 97 Ferrous sulphato 0-6 Sovero + + + AR R I T R T
.- . dinrrhaca '
v presont . :
I ~11-0 Ferrous sulpliato 03 Diarrhra + - ++ ++ O A -
. ) present ;
6 10-5 Ferrous gluconato 075 Normal + - - | +++  F+F+ | 4+ i + { £
7 16-8 Ferrous gluconato 0-375 Normal + - - + i + - i -
; . Fot vomiting, malaise or death, 4+ = occurrod. For post-morteim evidence of gastro-intestinal damage, + -+ ~ = emvrre uhoration ; 1—+ -

, . tion; < = inflamration, isclated arcas of ulceration, or both; 4 = slight inflammation ; and — = no evidonre of damage.

J - ! . succinato were loss toxic than ferrous sulphate but mare toxie than

* ferrous carbonate, tho former causing slight ulceration of the fundug
at a dose level of 0-094 g. per kg. and the latter producing inBammation

; of the gastroduodenal junction at o level of 0-187 g. per kg.- S

. Microscopical examination of sections of the fundus and pylorus,

“from dogs thet had received toxic doses of ferrous sulphate, showed the -

- presence of iron in the columner epithelium, extending down to the

" submucosa; there was necrosis of the epithelial cells, and hemorrhage

; in the submucosa, which corresponded to the areas of iron deposition -

(figs. 4-6). Insome dogs there were traces of iron in the epithelial lining

of the duodenum, jejunum, ileum and colon, with corresponding break-

down of the epithelial cells (fig. 7). Similar histological changes were

., ferrous gluconate, 0-75 g- per kg. ferrous succinate, or with 3-0 g. per -
"kg. ferrous carbor ‘e. However, histological sections from dogs that

. had received 1-5 g. per kg. ferrous carbonate appeared normal {fig. 8).

j Microscopical sections of the spleens of all dogs treated with high doses

of a ferrous compound showed heavy iron deposition. Sections from ‘
other organs were normal in histology, but in some dogs there were also

isolated patches of iron deposition in the lungs or liver. .

. Evidently ferrous carbonate at oral dose levcls of 1-5 g. ferrous
iron per kg. produces no toxic symptoms, but ferrous sulphate and
ferrous sulphate compound are toxic at levels as low as 0-012g. per

) kg.; ferrous gluconate is non-toxic at 0-047 g. per kg. and ferrous
succinate at 0-094 g. per kg.

| _ . Initial studies have been performed on the chronic toxicities of

ferrous sulphate and ferrous carbonate, in which the chemieal salt in

powdered form was administered daily for 14 consecutive days. Results

again indicated that ferrous carbonate was far less toxic than ferrous

.o ' sulphate, : ’

- Discussiox

It is apparent from these results, both with the iron salts and with
the commercial tablet preparations, that ferrous carbonate is the
least toxic of the compounds tested ; it produces no toxic symptoms
whatsoever at a dose level at which ferrous sulpbate is fatal in somo
dogs and causes severe retehing and vomiting, and pross ulceration
of the fundus, pylorus, and gastroduodenal junctiun in others. The
histological evidence coufirma this,  Ferrous sulphate, alone or in
compound tablots, causes some damago st dose levels ax low as 6-012-
0023 . yer kg. ; this dose is the equivalent of about 4 tablets. The

\ elight inflammation or ulceration caused by this very smalt number of

\ tablets may help to explain the intoleranco to ferrous sulphate 0

frequently reported.  Reports of accidental death duo to iron poisoning

: show that in some cases as many as 30-40 tablets are ingested Ly
| « children of less than 2 yr of n20; this represents an approximate doso
i '.IQ\'(‘l Of UIR0-24 0 farrang iFON Dor Lo fom o alill waimhine 10 Lo

“observed in the sections from animals treated with 0-375 g per kg. -
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It is obvidusly. ‘izot.'pdssﬂ;l'o 66” relate the dose ‘le’ircl; tixt;t\'prx;dnce ;

" fatalitics in children {0 thoso that cause ulceration i dogs’ stomsichs, -
but similar doses of ferrous sulphato in dogs causs widespread ulcera-

tion of the fundus, pylorus and gestroduodenal junction. This degreo

of ulecration is not produccd by ferrous carbonato even at a dose -

-level as high as 3-0 g. ferrous iron per kg., a level which would represent

- the ingestion of more than 600 tablets of ferrous carbonate by a 2-yr-old -

child. - :. R S

Somers (1947).on comparfﬂg t;‘h‘g médfan'-létﬁél'alos;es'ld" ferrous -i
sulphate, ferrous sulphate compound, ferrous 'gliconate, “ferrous -

‘carbonate, ferric chloride, and ferric and ammonium: citrate, also
found that ferrous carbonate was less toxic then the other compounds

tested ; he attributed this to the relative insolubility of the carbonate .
in gastric and intestinal contents, and its consequent poor absorption. -

However, clinical trials with the pteparation of ferrous carbonate used -

* for these experiments have shown that at dose levels similar to those -

_ for ferrous sulphate it effectively raises the hzmoglobin Ievegs in cases

i W el A

of iron-deficiency anemia.

It is also of interest to not: that Somers (1947) reported that the

A

toxicity of ferrous sulphate was reduced by the simultaneous administra- "
tion of sodium bicarbonate. From the histological evidence of the

present scries of experiments, however, it appears that the cellular;
damage is related to the presence of the iron itself, but it mey be that

the increased localised gastric acidity produced by the administration ,

of somo iron compounds initiates damage to the stomach mucosa,
which then cnables the iron to infiltrate into the tissues, with con-
sequent necrosis and hemorrhage. Whether this damage in itself
is the causc of death, ‘or whether death is caused by an abnormal
systemic absorption of iron from the stomach through the damaged
tissuey, it is apparent that it is preferable to use an iron preparation
that produces little or no initial damage to the stomach and intestinal
mucosa. - e S ol
Suayanry - I

In doga given ferrous salts, cither as pure galt or as equivalent
commercial preparations by mouth, ferrous carbonate was considerably
less toxie thun ferrous sulphate. ferrous gluconate or ferrous succinate.

Histolugical examination of sections of the stomachs and intestines
of dogs given ferruts salts by mouth showed that the tissue damage
way related to the presence of iron in the cells. L

It is sugzested that preferential use of the less toxio ferrous carbon- -
8to in the treatment of irun-deficiency anwemine would help to prevent
the inereasing aumber of deaths among children that are duo to the
accidenial ingestion of larpe numbera of iron tablots, and would aleo

help gome of the ersca of intoleranceo to iron salts. . e

We thoutd Jike fo thank tho Dircetors of Allen & Irrnliixr.\-a Limited for |

de b et . -n . a

R. Nol_sml and
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Mr R. Peacock for their very helpful advice, and to Miss J. Mullaney for super,
vising the care of the animals. We should also like to thank Mr J. 8. Hastings
for tho preparation of the histological scetions and Miss C. J. Spearing fop

technical assistance,
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FERROUS CARBONATE: TOXICITY AND EFFECT ON
HAEMOGLOBIN LEVELS IN EXPERIMENTAL }RON.
DEFICIENCY ANAEMIA -

‘ P. F. D'Arcy * aND Ersis M, Howarp *
L i Research Division, Allen ang Hanburys Limited, Ware, Hertfordshire

_THE present widespread clinical use of a variety of oral iron prepara-

tions has been the indirect cause of an increasing number of accidental

poisonings in young children (Committee on Toxicology, Report,

‘. 1959; D’Arcy and Howard, 196 ). Ina previous publication, the
' acute toxicitics of ferrous salts administered orally to dogs were

compared, and ferrous carbonate was shown to be the least toxic of the

compounds investigated (D’Arcy and Howard, 19625). In the present

) : Study, ferrous carbonate was examined for subacute toxicity and,

] produqed experimentally,

P (> A * 7 . MATERIALS aND METHODS
' ‘ s Subacute toxicities

Mongrel dogs of either sex weighing 5-16 kg. were used; they were. hm_:sed in
8roups of 6, and maintained o1 a propriclary brand of dog food, dog biscuits and
tap water. They were fed once a day and this routine was maimaiped throughqul

daily for 14 consecutive days, and killed 24 hr after the final dose with an intra;wcnous
or intrathoracic injection of pentobarbitone sodium (Nembutal). Necropsxs:s were
) v carricd out immediately; all organs and tissues were examined and portions of
heart, Jung, liver, kidney, spleen, stomach and intestine were removed for histo-
) : logical examination, . " o .
Because of the large numbers of tablets involved, it was generally not posslbge
to administer sufficient quantitics of the iron compound to cause death; the toxic
) ‘ ‘ effects of the compounds were therefore assessed from the severity of the symptoms
) and from the macroscopic and microscopic changes in the organs.

' : T Effect of ferrous carbonate on iron-deficiency anaemia

- Experimental iron-deficiency was induced in piglets, and the commcrcifll prepara.
tion of ferrous carbonate Wwas cxamined for its effect on the hacmoglobin levels of

. . * Present address of authors: Dcpartment of Pharmacology, Faculty of Pharmacy,
University of Khartoum, Sudan, '

L PATH. BACT.—vOL. 86 (1963) 7 C2t



-

h]

-

T R EDARCY AND ELSIE ML, HOWARD it 5
i . R o . e N N .,-“‘: ._; - . .::"' e p "

R

" . The piglets were bled from thewv:inontheﬂrsldaynﬂerbinhandthgnon
altemate days until the 17th day; subsequently blood samples were taken gt
specific intervals until the 49th day, when the study was terminated, Haemoglobin
‘was estimated colorimetrically. Dosage with ferrous carbonate tablets was com.
‘tmenced on the 7th day after birth, by which time the piglets had developed clinica]
i i anacmia; treatment was continued for 15 days. The piglets were
at regular intervals throughout the experiment, . -
gie e ..'}'.‘ ST 3. "‘. ’ . . . PR
'«"i ;3 e —— ResuLts Tev L S g e o
_ : AT Subacute toxicity S
%, The ‘subacute toxicity of a commercial preparation of ferrous
* carbonate was assessed and compared with those of the more commonly
“. msed preparations, ferrous sulphate compound and ferrous gluconate
- (table I). The amount of ferrous iron contained in each tablet of the
i “preparation used was: ' ferrous carbonate, .50 mg.; ferrous sulphate
. Fompound, 60 mg.; and ferrous gluconate B.P., 39 mg. With a single
+, #éxception, doses of 1-0, 0-5, and 0-25 8- ferrous iron per kg. daily in
¥ "the form of ferrous carbonate did not produce any symptoms of toxicity,
‘. nor was there any post-mortem or histological evidence of damage to
.+ the stomach or intestine. The exception was one'dog (no. 68), which
w.received 0-5 g, ferrous iron per kg. daily, in the stomach of which there
 ‘was evidence of some inflammation of the fundus and slight inflamma-
' fion in'the pylorus. In contrast to the results obtained with ferrous
‘§ carbonate, ferrous stlphate compound was toxic at dose levels of 0-1 g
2005 g. and 0-025 . ferrous iron per kg. daily, and non-toxic at a dose .
i, level of 0-005 g ferrous iron per kg. Ferrous gluconate did not show
" any evidence of gross toxicity, although a dose of 0-5 g. Terrous iron
* per kg. daily caused slight inflammation of the fundus and pylorus -
v reglons of the stomach, and in one of the dogs (no. 80) there was also
= .evidence of slight inflammation of the mid-intestine. Doses of 0-25 g.
#., ferrous iron per kg.' daily, or less, were without toxic effect. Micro-
" scopic examination of sections of the stomach and intestine from dogs
~ that had received toxic doses of iron salts showed.lgsions similar to ‘
- those described in the previous study (D’Arcy and Howard, 1962b); .
« tissue damage was related to the presence of iron in the cells, Asin -
those acute toxicity studies, the spleens of all dogs treated with_high-
. doses of iron preparations showed heavy deposition of iron, *Sections
" from other o:gax;g_,wge.@_isplg;;ica}yx normal, but in some dogs there.
" - L, iy o iy

M LR S T R Ty - ¥
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In table II, coinp::rison is made between the present results and (he
' maximum non-toxic lcvels of the iron salts tested in the earlicr acute
® studies (D’Arcy and Howard, 19625). Lo e 2ot

<
“ H

T2 | SO P S
.. Comgarison between the maximum nor-toxie doses of commercial preparations of
i - Jferrous salts, admiristercd orally to dogs in acute ® and subacute tests - IR

- ~

o ¥ vl % Maximum non-toxic dose - :-‘_
‘ N (g.fcrrousironp;rkg. body_wciaht) oo
i - . .. ".Compound .~ - BT e
Ferrouscarbonate .+ #| . cps i G e
.. Ferrous gluconate ., | he0s v 0-25'_ wo
, .. Ferrous sulphate compound | . <0012, | <0025, 50005 |

** *D'Arcy and Howard (19625).

Effect of ferrous carbonate on iron-deficiency anaemia s
The 22 piglets in the two litters were divided into 4 groups; one
group of 6 pigs received 200 mg. ferrous iron per piglet daily (4 tablets);
the second group received 50 mg. per piglet daily (1 tablet), and a
third group of 3 pigs received 50 mg. on alternate days; the remaining
7 piglets did not reccive any treatment and were used as controls.
- It was necessary in this experiment to dose per piglet rather than by
body weight, since the latter method would have necessitated the
difficult division of sugar-coated tablets into accurate fractions. '
Haemoglobin levels in all the piglets fell to approximately 60 per
cent. of their birth levels within 7 days. Oral administration of ferrous
carbonate caused an appreciable rise of the lowered haemoglobin levels
within 3 days, and within 8 days the treated piglets had attained their
birth hacmoglobin levels. There was no appreciable difference between
the effect of S0 mg. ferrous iron per piglet on alternate days and the
effects of the higher doscs. In contrast to this, the untreated piglets
showed a typical picture of piglet anacmia, with the usual partial
recovery commencing during the 6th wk after birth; these results
are shown graphiczlly in the figure. There was no apparent difference
between the mean body weights of the treated and control piglets
throughout the experiment. . . L T

CDmscosson . T v

The maximum non-toxic Icvels of ferrous carbonate and ferrous
sulphate shown in the present zcrics of subacnte toxicity tests and tie
-.farlics acute tests arc very similer (table I1). Ferrous pluconatc.
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_however, appears to be less toxic when admmxstcred subatutely than
~when a single dosc was given. There is approximately a six-fold

difference; this would sugrest that the dogs develop some degree of

tolerance to the toxic cffccts of this iron preparation, and that the

ulccration or inflammation produced by the initial doses was healed by - -

the end of the experiment.. Dogs recciving ferrous gluconate salivated g

copiously after the sccond or third dosing, and the degree of salivation

progressively increased during the course of the. experiment, until by*

the tenth day the dogs had developed a conditioned reflex and salivated
when brought from their kennels to the treatment room. Preliminary-

CN AN e

L - ; *

100 m1. blood

per
-
§

 Haemoglobin g.
‘k - e
T T

o
T

Dosage
IR
I iIset

PR T A S M T T S Y Y T i
21 23 25 27 29 31 33 35 37 39 41 43 45 4749
v fDa’x. . . :

T B .

1 3579
Ficure—The effect of oral administration of 8 commercial preparation of fefrous carbonate
on the hacmoglobin levels of iron-ceficient piglets. Arrows indicate duration of iron
administration; O 200 mg. ferrous iron per piglet daily (6 pigs). e 50 mg. ferrous

iron per piglet daily (6 pizs). A& 50 mg. ferrous iron per pigict on alternats days (3
pigs). - X Untreated controls (7 pigs). . - . IR

ki

‘experiments indicated that the salivation was not due to the ferrous

gluconate but to the coloured coating of the commercial tablets. Post-

mortem cxamination of these dogs revealed a thick and copious mucoid

secretion in the stomach and small intestine, 2nd it is thought that this

may have had a dual eficct: firstly, in preventing fresh areas of ulcera-

tion and inflammaticn from developing after subsequent dosing, and

_ Secondly, in covering the damaged tissues resulting from the initial
doscs of thic iron tatlets, and thereby assicting in the healing process,

. Somers (1617) fouvrd that ferrous carbonate was less toxic than a

ariety of other iron compounds when tested orally in small laboratory

. animals. e attributed this 1o the relative insolubility of the carbonate

T e i

*
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G e

in gastric and intestinal contents, and its consequent pdor abSofpﬁbn;

. However, the present studics with ferrous carbonate in the treatment of-

piglet anzemia have shown that the haecmoglobin levels arc effectively’

raised by doscs that are similar, on a body-weight basis, to doses of
ferrous iron used clinically, Since the carbonate, at such dose levels,

is sufficiently well absorbed to raisc the haemoglobin levels effectively, :

it appears that its lack of toxicity cannot be attributed . to its poor

absorption.

Sharp (1962) has suggested that the greater toxicity. of the sulphaty
as compared with the carbonate or gluconate may be due to the libera-."

tion of sulphuric acid into the surrounding tissues. Since iron has a

low electronegativity value (1:7-1-8), its salts are poorly ionised and .
-are largely hydrolysed in solution; it follows, therefore, that they are

more readily transported across the cell membranes than'the correspond-

quotes, as an example, that 20X 5 gr. tablets of ferrous sulphate are
equivalent to about 10 fluid drachms of dilute sulphuric acid and are

probably far more dangerous, because free sulphuric acid, being highly -

ionised, is not so readily, if at all, absorbed from the gut. This theory,

based on chemical facts, may well explain why the ferrous sulphate,

when administered orally, is more toxic than the carbonate or the

gluconate, since the liberation of the sulphuric acid into the surrounding

tissues with the resulting cellular damage may well expose these tissues
to the necrotising effect of the absorbed iron. - I
It also seems likely that, if this theory is correct, the necrotising
effect of the liberated sulphuric acid breaks down the mucosal-ferritin
block, which is held to control the absorption of iron from the gut,

-and so permits large amounts of iron to enter the general circulation,

causing systemic toxicity. It is pertinent also to note that, whilst
there is considerable variation between the toxicities of the iron salts
when administered orally, they are all equally toxic when injected
intravenously (D’Arcy and Howard, 19622), presumably because
under these conditions it is only the iron itself that is exerting a toxic
effect. . ' . . u

Thus, in both acute and subacute toxicity tests, ferrous catbongte,
in contrast to ferrous sulphate, has been shown to be of low toximty.
That it is also well absorbed has been demonstrated by its effect in
raising the lowered haemoglobin levels in experimental iron-deficiency
anaemiz. . In addition, the results of clinical trials (as yet unpublished)
with the commercial preparation of ferrous carbonate used in these

experiments, have shown that it cllectively raises the haemoglobin

levels in human czccs of iron-deficicncy anacmia, LA e
This study shovws, moreover, that fesrous carbonate, in o stable
pharmaceutical preparaticn, is cffective and far less toxic than ferrons
sulphate in the treatment of iron-deficicncy ancemia, and it would scem
that its preferential use might help to prevent the increasing accidcnta_l

mortality among children. N A L SR B
R PN ' . ' .

~ ing free acid, but readily liberatt free acid into ‘the tissues. Sharp -

+
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" In subacute toxicity tests in dogs given commercial preparafions of ~

ferrous salts by mouth, ferrous carbonate was considerably less toxic .
than ferrous sulphate and appreciably less toxic than ferrous gluconate.
Histological examination of scctions of the stomach and intestine of .
these dogs showed that the tissue damage was related to the presenge
of iron in the cells. S A S
* Commercial preparation of ferrous carbonate effcctively raised the
haemoglobin levels in iron-deficicncy anaemia in piglets. e
Since ferrous carbonate has such a low degree of toxicity and yet
effectively raises haemoglobin levels, its preferential use in the treatment
of iron-deficiency anaemias would help to prevent the increasing -
number of deaths of children who accidentally ingest large numbers of -
fron tablets. e e
. We should like to thank Mr C. J. Airey for his expert advice and cooperation,
and also Miss C, J. Spearing, Miss J. M, Charvill and Mr C. Witkins for their
invaluzable technical assistance., SNy wEel 4L

¥ 4

.
A ~a Ed

v

o owr

CodaTTEE ON ToxICOLOGY: REPORT 1959, J. Amer, Med. Assoc., 170, 676. .
D’Arcy, P. F., AND Howarp, ELsiz - 19622, Pharm, J., 189, 223, N

M. - -
w  w  w w1962, This Journal, 83, 65. .
Sparr, LK. . . . . . . . 1962, Pharm. J., 189, 326, e .o
Somers, G.F. . . . . . . . 1947, Brit. Med J., 2, 201, .

s

T



-

j: BIO“ Chem.

YU 13l-141, 1929

THE RELATION OF IRON AND COPPER TO HEMOGLOBIN
' SYNTHESIS IN THE CHICK.*

By C. A. ELVEHJEM anxp E. B. HART.
Wit THE Coorenation oF A. R. KeEMMERER,

(From the Department of Agricultural Chemistry, University of Wisconsin,
Madison.)

(Reeeived for publieation, Jaly 24, 1629,)

Shortly after we had demonstrated in this laboratory (1) that
nutritional anemia could be induced in rabbits by a dict of cow’s
whole milk, and that this anemia could not be corrected by inor-
ganic iron unless it was supplémented with a natural food material,
or a preparation from this material, we attempted to use chicks
as experimental animals for anemia studies. A survey of the
literature at that time indicated that chickens had been used
rarely for studics of this nature. The only work found was that
of Coppela, as he is quoted by Stockman (2), who was able to re-
duce the hemoglobin in cocks to 33 per cent by feeding a diet con-
taining no iron and to increase it, in 5 days, to 65 per cent by the
addition of ferric lactate.

We were interested in using chicks because they are readily
available laboratory animals and beeause we wished to obtain
results with animals other than rabbits. Since that time rats
have also been used in this Iaboratory (3) and it was the work with
this animal which demonstrated the importance of copper as a
supplement to iron for hemoglobin building (4).

In this paper we wish to present some of the fundamental facts
observed during the work with the chicks, and to give the results
which demonstrated that copper has the same favorable effect
upon the hemoglobin synthesis in the chick as it has in the rat.

* Published with the permission of the Director of the Wisconsin Agri-

cultural Experiment Station,
131
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EXPERIMENTAL.

Day old chicks were brought into the laboratory and placed in
pens that were properly warmed and fitted with wire sereen bot-
toms to prevent consumption of any refuse. White Leghorns
were used almost entirely in all the work. The first group was
placed on a dict of cow’s whole milk, but, although there was a
noticeable decrease in the hemoglobin content of the blood, the
chicks were unable to consume enough of the liquid milk to obtain
sufficient nourishment. An attempt was made to climinate this
difficulty by supplementing the liquid milk with whole milk pow-
der. This also was found to be unsuccessful because normal
growth was not maintained. Therefore, it was decided that some
food material which possessed considerable bulk must be added
to the milk diet. Polished rice was chosen as the supplement
because the iron content of rice is lower than that of any of the
other cereals. The addition of cracked rice to the ration stimu-
lated growth, but the anemia developed rather slowly. F inally
it was found that if the rice was previously extracted with hot
alcohol, this difficulty was eliminated. The rice was extracted in
large percolators with alcohol at 37° for a period of 7 days. . The
alcohol was changed daily. The rice was then dried and 97 parts
of the rice mixed with 2 parts of CaCO; and 1 part of NaCl. This
mixture, together with cow's whole milk fed ed lbitum, con-
stituted the basal ration. The chicks were also irradiated for a
period of 10 minutes every other day to insure the prevention of
rickets.

When day old chicks were kept on this ration, they invariably
developed ancmia in 12 to 15 days. The amount of hemo-
globin decreased from the normal of about 8 gm. per 100 ce. of
blood to about 4 gm. per 100 cc. Samples of blood for hemo-
globin determinations were obtained by puncturing one of the

-veins on the under-side of the wing. The hemoglobin was de-

termined by the Dare hemoglobinometer in the earlier work and
later the Newcomer method was used. When the Dare instru-
ment was used, the figure for the gm. per 100 cc. of blood was
calculated by multiplying the reading in percentage by the stand-
ard of 13.77 gm. given for this instrument. When the New-

. comer mcthod was used, the figure for the gm. per 100 ce. was

abtained directly from the colorimeter reading,

+ i o e e e
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It is not surprising to find this rapid drop in the hemoglobin con-
tent of the blood of chicks placed on a ration low in jron, because
the reserve supply of iron in a chicken when hatched is very low.
The jron content of an egg of average size is about 0.8 to 1.0 mg. of

Fe. The amount present in the entire body of a chick at birth

TABLE L
Hemoglobin Content of Chick Blood as Modificd by Ferric Oxide and Lettuce
Ash,
Daye on diet.
Click Diet. : o | s ||
Hb per 100 e, blood.
gm. gm. om. am.

202 | Basal. 5.2| 48] 4.1 3.2
203 441 3.2| 2.7 1.6
204 3.4| 25] 2.5 1.8
205 3.8| 3.2 2.7| 3.4
206 54) 40} 3.2} 2.9
L Y ¢ S R R R TR 4,4 3.5| 3.0] 2.6
205 | Basal + Fe.Os equal to 2 mg. Feper | 2.7 3.2} 3.3| 4.5
209 chick per day. 48| 4.5 4.5 4.8
210 1.4 2.3} 2.1] 2.3
211 45| 3.4| 3.7] 3.8
212 3.7 41| 3.8] 3.2
AVOIARE. . o oeeneirirnnneanessirtcacananans 3.4} 3.5 3.5 3.7
219 | Basal + Fe,0; equal to 2 mg. Feper| 3.8 8.0 8.0 9.6
220 chick + lettuce ash equal to 1 gm. | 4.1} 8.0 7.7 0.6
221 per chick per day. 2.7{ 5.5| 6.6} 8.0
222 43| 7.3 891! 83
223 5.1f{ 6.2 6.5]103
AVOIREC. .. .ooiinrrrnrensrcososasnatasnens 40} 7.0] 7.5| 9.2 .

is between 0.6 and 0.7 mg. of Fe, most of which can be accounted
for in the hemoglobin of the blood. This shows that the chick has
practically no iron store from which additional hemoglobin can be
built., ' : ’

The chicks were allowed to become anemic by feeding them as a
group in a large pen on the basal ration for a period of 1210 15

S
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days. The hemoglobin content of the blood of the individual
chicks was then determined, and the chicks placed in small cages,
five chicks in a group. Various additions were then made to cach
group of chicks. ‘
Table I gives typical records of a group of five chicks continued
on the basal ration 18 days after the preliminary feeding, a group

TABLE IL.
Hemoglobin Content of Chick Blood as Modified by Soluble I'ron Salls.

Days on diet.

Chick ' Dict. 0 | s |

b per 100 cc. blood.

-
3
e
3

246 Basal.

287 | Basal + FeS0,-7H,0, Sample II,
- 288 cqual to 2 mg. Fe per chick per day.

424 | Basal + FeSO.-7H,0, Sample IV,
425 cqual to 2 mg. Fe per chick per day.

At e Pt A I R

|l owo|lw| wwwwe|wlovwuowe
Nlwoovno|lo|lovoovolwlwmowe ¢

P INNDRD N OOO NN W DWW
| PO M| NN000000| 0w
clowmwmww|m|lvmunew|o|lonmwoe’

Average.......... e eeesesesacinrreessanenee

fed Fe,0; with the basal ration, and a group fed lettuce ash in'addi-
tion to the iron supplement. There is a continual deterioration
of the blood stream in the chicks continued on the basal ration.
When the chicks are fed ferric oxide alone, there is no increase in
the hemoglobin content of the blood. As soon as lettuce ash is

~ added, there is the same characteristic improvement as was noted

previously in the work with rabbits (5).
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Several groups of chicks were also given iron additions in the
form of ferrous sulfate.  Whenever this salt was fed, rapid and
complete recoveries were made.  The records of two groups fed
ferrous sulfate are given in Table 11, Ferrous sulfate Sanple 11
was made {ron iron wire and ordinary sulfuric acid.  Sample 1V
was made from iron wire and purified sulfuric acid.  These records
are typical of all the chicks that reecived a soluble iron salt. We
attempted to prepare the salts in the purest possible form but the
source of the iron in cach case was iron wire, which might contain

small amounts of impurity. Since these salts were all potent, we.

felt that the rapid response was probably due,to the presenee of
some other element found in the iron salt as a contaminant.

Because ferrie oxide did not bring about an improvement, we
thought that this salt was free from the contaminating clement
and could therefore be used together with the basal ration in the
determination of the element active in hemoglobin synthesis.
A large number of salts of different elements were fed to the basal
IFe,Qy ration. It is interesting to state that CuCls was fed with
Fes0y to chicks as carly as April, 1926, No improvement in the
blood stream was noted when any of these salts was fed together
with Te 0. »

The hemoglobin of all the chicks remained so uniformly low that

the probability that this continued ancmic condition was due to the
lack of an available iron supply presented itsclf. Perhaps the iron
in the ferric oxide was not being utilized by the growing chick.
This assumption appeared quite possible since the feeding of a
soluble iron salt resulted in an inercase in the hemoglobin of the
blood. .
This fact suggested an experiment which would demonstrate
definitely whether the iron in ferrie oxide can be utilized by chicks.
Three groups of fiftecen chickens cach were used for this work.
One group was allowed to remain on the basal diet after preliminary
feeding, one group was given Fe,0Q; equivalent to 2 mg. of Fe per
chick per day, and one group was fed FeSO,- 71,0, Sample XI,
at the same level of iron intake. This ferrous sulfate was pre-
pared from electrolytic iron and sulfuric acid. The hemoglobin
was followed for 10 days after which time the chicks were killed,
the livers removed, dried, and analyzed for iron.  The results are
given in Tuble 111,
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The figures show conclusively that the iron content of the livers
from the chicks receiving ferric oxide was no higher than the iron
in livers of the chicks on the basal ration. The iron in the livers
of the chicks fed the ferrous sulfate was over 6 times as high. The
ferric oxide is therefore not assimilated by chicks. This fact ex-
plains the impotence of ferric oxide when used as a source of iron.
This finding is also of practical importance since it shows that if
iron is added to the ration of chicks it should not be in the form of

ferric oxide. .

The only alternative, therefore, was to use a soluble iron salt
in further anemia studies with chicks. Since all the soluble iron

TABLE 1II.
Efiect of Fex0); and FeSOQq vn Hemoglobin Content of Blood and Iron Content
of Liver of Chicls.

Days on diet.

1 -

Group Diet. o | 5 | 10 [tentordry
liver.
Hb per 100 cc. blood.*

gm, gm. om. per cent

1 Basal. 4.1 3.81 3.7| o0.0119
2 % 4 FeiO4t 4.0 4.1 | 4.2 o0.0103
3 “s 4 FeSO-7I,0%, Sample XI. | 3.4 6.2 6.6 0.0672

* Figures for hemoglobin and iron coutent of liver are the averages of
the fifteen chicks in cach group.
1 Iron salts fed at levels cquivalent to 2 mg. of Fe per chick per day.

salts used up to this time had stimulated hemoglobin regeneration,
we turned our cfforts to the purification of various iron salts to

- such an extent that they would not stimulate hemoglobin forma-

tion when fed alone. The preparation and purification of iron
salts for chicks continued until it was demonstrated by the use of
rats that pure iron salts were ineffective in hemoglobin synthesis
unless the iron was accompanicd by minute quantitics of copper.

When the pure iron salts which had been found ineffective with
rats and which had been found copper-free by actual test, were
fed to chicks, a response similar to that noted with all soluble salts
was obtained.  The iron salt used in most of the work was FeCl,,
which was prepared in exactly the saine manner as deseribed in a
previous publication (6).
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In Table IV we present in detail the results obtained by the
addition of pure T'eCl; to the basal dict and the addition of pure
FeCl; supplemented with copper. 1t is readily seen that the pure
FeCls fed alone stimulated hemoglobin formation as well as the
ferric chloride supplemented with copper. The stimulation in

TABLY IV,
Efieet of @ Pure Iron Sall and Thiz Ivon Salt Plus Copper on Hemoglobin
Regeneration When Fed with Basal Ration,

Dayson diet.
Chick Diet, o | e || s | u
HD per 100 cc. blwnl,
‘ gm, om. —ﬂ”l. em. /.,
1250 | Basal. 3.5 3.1 25| 2.6 2.4
1251 3.8} 3.1 2.6 2.1 [Dead.
1252 3.8] 3.3} 3.2| 3.8 «“
1253 . 4.2 3.3 3.3 4.3 3.3
1255 4.0 3.2 29| 4.2 3.1
Average.......o.oiiiiiiiii 3.9 3.2} 29| 3.4 2.9
1256 | Basal + 0.1 mg. Feas FeCl; | 2.6] 6.0! 83| 7.9 7.6
1257 (purificd) per chick per day. | 4.0 6.2 | 8.3| 6.7 | Dead.
1258 4.0] 6.4 8.1 |Decad.
1259 . , 3.0| 44| 6.4 6.7 6.7
1260 3.8 7.21 8.4| 83 7.6
AVerage.. ...t 3.6 6.0 7.9 7.4 7.3
1261 | Basal + 0.1 mg. Fe as ¥FeCl; | 3.8( 6.6| 6.9 7.9 7.2
1262 (purified) per chick perday, | 3.3] 7.0{ 8.7 ] 8.9 7.8
1263 <+ 0.01 mg. Cuas CuSO,per | 4.0 7.3} 8.6| 8.5 8.6
1264 chick per day. 3.8 761 7.7 9.1 8.1
1263 271 6.5 7.6} 7.4 7.3
Average....oiiiii i 351 70} 7.9 8.3 7.8

this casc could not be due to any impurity in the.iron salt, and we
therefore turned our attention to the basal ration, It was thought
improbable that the milk could furnish enough copper to cffect
hemoglobin synthesis because the work with rats bad shown that
when pure FeCly was added to the milk ration of the rat, no re-
Feneration took place. The only other source of copper supply
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was from the rice preparation. Since the active clement was
known to be copper, we analyzed the rice preparation for this
clement and found it to contain 2.5 mg. of Cu per kilo. If a chick
consumed 5 gm. of the rice per duy, it would obtain 0.013 mg. of
copper, which is a sufficient amount to stimulate hemoglohin

TABLE, V.
Effect af @ Pure Iron Salt and This ITron Sall Plus Copper on Hemoglobin
Regeneration When Fed with a Modified Basal Ration.

Days on diet.
Ghick Diet. o | o | 2| 1 |
ITh per 100 ee. blooid.
om. ym. am. om. gm.
1362 ; Modified basal +0.2mmg. Feas | 4.2 3.6} 3.6 3.6 2.6
1363 FYeCl; (purified) per chickper| 4.3] 3.71 2.8 3.3 | Dead
1364 day. 4.2 3.9 4.1] 4.4 3.5
1365 4.0} 3.6 4.0 4.7 4.9
1366 4.0 4.7 3.7 3.4 Dead
Average..... e e 4.1f 39! 36| 3.9 3.6
1368 | Modificd basal +0.2mg. ¥eas | 4.0 4.0) 4.7 4.8 | -4.¢
1369 FeCls (purified) + 001 mg. | 4.2 5.3{ 6.3 7.4 7.4
1370 Cit as CuSOy per chick per { 4.0 6.6] 6.2 6.6 7.2
1371 day. 3.9 58| 6.4| 7.7 7.0
1373 3.81 8.7 7.2 7.2 7.4
AVOTAgC. . i 4.0 55| 6.2] 6.7 6.7
1376 | Modified basal + 0.2mg. Feas | 4.0| 6.6 6.2] 6.5 | Dead.
1377 FeCly (purified) +0.02mg. | 3.3} 4.2 6.0! 7.9 7.0
1378 as CuSQO), per chiek perday. | 4.4 5.4 7.21 7.7 7.0
1379 : 48! 65! 6.1 6.4 | 5.3
1380 : 411 53] 4.1| 45 | 5.2
Average.............. PP 41| 5.4} 5.9 6.6 6.1

.synthesis.  This fact explains immediately the results obtained

with all the soluble iron salts. The basal ration was low cnough
in iron to produce ancmia providing no soluble source of iron was
supplied, but it was not low enough in copper to prevent hemo-
globin building when the iron was supplied in available form.

In order to demonstrate conclusively that copper is the neces-
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sary supplement to iron in the case of chicks as well as in rats, it
was necessary to construel a basal ration which was practically
free from copper.  “The diffieulty of finding any food material other
than milk whiceh is exceedingly low in copper is readily seen by a
study of the table giving the copper content of food materials
which was published reeently from this laboratory (7). The only
material which looked at all promising was corn-starch. ‘The
stareh was granulated by inaking a thick paste and drying at 37°.
When this eranulated starelr replaced the riee in the basal ration,
the chicks did not grow. The most decided deficieney of this ra-
tion seemed to be a lack of vitamin B heeanse as soon as yeast
was added good growth was obtained.  Of course, yeast could not
be used to supplement the radion since it contains considerable
copper. A het 90 per cont aleoholie extraet of yeast also contained
some copper.  However, if this extract was evaporated to a thick
paste, taken up in water, and extracted with ether, the largest
portion of the copper was removed with the fat.  In this way a
fairly concentrated preparation of vitamin B, free from copper,
was obtained.  When this material, equivalent to 20 gin. of yeast,
was added Lo 100 g, of granulated stareh, the ration so maodified
gave fuir growth.

In Table V are given the results obtained when iron wlone and
iron and copper additions are made {o this modified basal ration.
When purified IeCly is added to this ration, no improvement in the
hemoglobin content of the blood takes place.  As soon as0.01 mng.
or 0.02 myg. of copper as copper sulfate is fed cach chick daily, a
decided inerease in the hemoglobin content is noted,

DISCUSSION.

The results presented in this paper verify again the great ane-
mia-producing power,i.¢., the low iron aud copper content, of whole
milk. There seems to be no difference in the animal used; as soon
as it is restricted to o milk diet direetly after weaning, ancinia
develops rapidly.  However, in the case of an animal like the
chick, which will not grow normally on 2 milk diet alone, the in-
troduction of additional food, unless highly purified, has a favorable
effeet upon hemoglobin synthesis.  These results, as well as actual
analyses of these foods for iron and copper, demonstrate the
universal distribution of these hemeslobin-building elerwents in
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most natural foods. This fact is of great importance whether one

is inferested in producing anemia in experimental animals on any
diet other than milk, or whether one is interested in the use of
natural foods as a supplemcut to milk for the prevention of anemia
in young growing animals.

Onc must he exceedingly careful in the preparation of food
materials other than milk for the production of ancmia in ex-
perimental animals. Several natural foods may be purified to
such an extent that they are low cnouglh in iron to produce anemia,
but it is very difficult to reduce the copper content cnough to
maintain the anemia when sufficient iron is added to the diet.
The modified basal ration used in the chick work p1escnted was
low cnough in copper to maintain anemia when it was supple-
mented with pure ferric chloride, but the growth of the chick was
not entirely normal, . _

Recently Drabkin and Waggoner (8) reported that the severe
anemia developed in rats on a milk diet could be cured by placing
these rats on a copper-frec synthetic ration. These workers were
so kind as to furnish us a sample of their copper-free synthetic
ration for analysis. Our analyscs show that this ration con-
tained 0.044 mg. of copper and 0.532 mg. of iron per 10 gm. of the
ration. Assuriing the rats consumed 10 gm. each of the ration
per day, they would be ingesting the optimum amounts of iron
and copper for hemoglobin regeneration. It certainly would be
surprising if a ration compounded of materials such as egg albumin,
commercial casein, and dry brewers’ yeast did not contain some
copper. The importance of careful estimations of copper in
anemia-producing diets cannot be overemphasized.

CONCLUSIONS.

Day old chicks placed on a dict of cow's milk together with
polished rice, calcium carbonate, and sodium chloride, invariably
become anemic. The hemoglobm falls from 8 gm. per 100 cc.

of blood to 4 gm. per 100 cc. in 12 to 15 days.

Additions of ferric oxide to this ration will not prevent the
anemia because the iron in ferric oxide is not assimilated by
chicks.

The addition of ferrous sulfate or purified (copper-free) ferric




C. A. Elvehjem and E. B, Hart 141

chloride to this ration immediately stinfulates hemoglobin syn-
thesis beeause this busal ration contains small amounts of copper.

When purified ferric chloride is added to a modified basal

ration very low in copper, no stimulation is noted until minute
amounts of copper are added.

Copper acts as a supplement to iron in hemoglobin synthesis in

chicks as well asin rats.
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that iron preparations are not inocuous medications. Tbey may })r.oduc:;
severe. and in many instances fatal, poisoning when accidentally ingeste

+ o
by the inquisitive toddler.
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Although jron preparations have been present for many centuries in the
medical armamentarium it is strange that the report of iron toxicity which

~initiated the current interest appeared as late as 1947, when Forbes!

reported two fatal cases from England. Since then quite a number of
reports have appeared in the English and American literature,2-2¢ thus
=upporting the fact that iron poisoning is not an uncommon oceurrence in
late infaney and early childhood. The importance and the seriousness of
thix condition have heen emphasized, as well as the recommendation that
iron preparations should no longer bhe considered nontoxie, and several
suggestions regarding the pathogenesis and treatment have béen made.
Acute ferrous sulfate poisoning has been observed in five instances
within a period of less than six months at Children’s Hospital. One patient .
died, one was severely affected, and three were mildly affected. Clinical and
laboratory observations with a brief discussion are presented in this report.

CASE REPORTS

Cuse 1,
B. €., an 18 month old Negro girl, was brought to the outpatient department ut
5:00 P.M., September 19, 1958 approximately two hours after ingesiing 20 to 23

" tablets of ferrous sulfate (3 grains cach). One hour after ing(:stimi the child vomited

a brownish fluid which contained a few red strands of blood. The mother noticed a fow
seattered “pills™ on the floor and immediately hrought the child 1o the hospital.
The child was alert on arrival and gastrie lavage was performed. Townrd the end of
the procedure she becume lethargic for the first time.

Physical examination at that time revealed a well developed and well nourished
semicomitoze child. She responded only shuggishly to painful stimuli. Her respiri -
tions were deep and.regular. Her pulse was 130 per minute and her blood pressure
0,50, Her eyes were moderately sunken and the pupils reacted sluggishly to light,

“The correal reflexes were absent and there wix slight exanosix of the lips. The deep

tendon reflexes were decreased. During the initial examination she twice vomited a
brown watery vomitug which contained a small amount of bloody mucoid substanee,
Laborntory data are summarized in table 1,

She remained in deep coma antil about 9:00 P when foi the first time she eried
during a1 venous punetare, Meanwhile her Dlood pressure dropped to 7030 and 100
ml ot whole blosd wis administered and was followed by continmous intravenous
infusion of fluids. Fitty milligrons of vitamin I8 (Mephyton®) was given intra-
venouslve Her padse and Blood pressare remained stable, buat she continged ta he
fethargio. Nt omidinight <he was more responsive and rather irvitable, Tao loose
greeuish oliek stools were eported The Tolloswing morning she was maore slert aml
breathing pormaudly . Maderate neidosis developead subsequently and was carrectod
with intravenons Huids. She was again gives 125 il of whole Tood beeeionee of 2
talling hemoglobin (from 10,0 16 S8 G, per 100 ml .. On the seeond hospital ey

cher condition improved remuarkably and she was diseharged vight dase Toter in

satisfuetory condition, On Mareh 19 an sy examination of the upper gastroin
testimad teaet showed no evidenee of obstruetion.

o

POW o venr ol white giel, was brought to the hospital Octoler 8, 1058 with
bt ot o eaten Cicon pills” of anknown quantity approsimately one hone
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TABLE 1
Laboratory Data of Case 1

1 o
: [ 9-20-38 9 922 1 923 9l 927
DPateand Time .................... ' eso 'rol:;;os PR R
CPM. PM. PM. O AM. PM.
S S
— e ‘ ox
Serum iron (megm, 100mD | 3194 2000 1277 786 513 222 125
Prothrombin aetivity (‘| ] . -
of normal). ... ....... 2.0 43.0 560 2891
Leukoeyte eount ... .., 32,200 16, H‘,)H - 0,100
sodium (mEq/Ly o I:i;\.(—) I-!l.(: H.;.(:
Potassium (mblg/ly. .. £ ‘.{,- (:
Chlorides (mbqg/ Ly, . th.o HEO 106,

COsmbig LY 0 14.1 1.0 168
Total bilirubin (mg/100mi),

Cephalin flocenlation

1
1+

-1y

4

previously. Following the ingestion she had \'--llli!l*«] a ﬂl'i'i‘llli-‘l !ll'u\\n witery m:nvln:ll
three times. No dinrrhen was noted. On plivsieal eNamination .-:h(- Wits funn.‘ .'|”
he well develuped aud well nourished and rather prtle. Ilc::;n_-.:pu-:'nx--ln.f"u'('r:-.lnh-ln;.) .
Her pulse was 10 per minnte and ber Blood Diressure 125 75, \."““.“h ) 3.1.-( 1o )s
colortion of the teeth was noted. The remuinder t:l the «-\:lnfnlmlmn Wits hot -.
markable, Gastrie Tavage was performed but oo evidenee o u.u:(«n--l l:l}-lrll- Wits
foundd. During the two hours following wdmtssion A-I.w I».n-:m:«- -huh!!_\' 'lvth:.l'[';;n' :”;'l.
her bloand pressure fell to ME GO She wies trented \\nh'n.!r:::.'c-_nnu-‘ |1m~l~.' '.;-'nnl)
abnormad Lihoratory finding was an elevated seram e 50 megm. et 1k .,
She was discharged two

two and one balt hooes arter the ingestion of the tablets
v later i satisfaetary condinion,

("(“‘ l‘l a2 vear old Negreo girk, was bronght to the erergeney r-.n-m“.\'n\'«-n:lwr
24,1958 with a history of swallowing an unhnown quentity o “iron pills twe h"‘ll'f
carlier. The tablers had been given 1o her post paretam lllullu"r wtew diyvs previously,
While at home the patient had vomited four times, l.-:u. e dizoerhea haol l'l‘!"ll l.:'.'“‘d'.
Upon arrvival she was found to be alert and rather ferisble, Hey pulse \\':h.ll..\.) ]i.l-l
minute and her respirntions were normal - Her Bload pressare wirs [LINNS . he ve.
miinder of the physieal examination was not rn-m:cr.lvg.:-luh-. Canstrie Tavage was ;w'ri
formed with 400 e of mild biearbonate solution. The anly i‘l"llﬂl'lll.‘.tl I:"“-‘m“l"",
finding was an elevated serunt iron of G5 megm. per 100 ml \\lm'h- the ln”‘n\\'lll'u ! .t(_\
Was peported as hetng 472 megne per 10 mb. She had an uneventinl hulsp!l:-. cotirse

and was disehzrged twe davs after admisaon

‘ T\ 'I an IS month ol Negro givl, was in o] heads) xn.nl. mdnight of I’-:m-ml\vr
22138 wheen ~he developed persistent vomiting ot waters diarrhes .\]'l'l'n\ml:{h'l'\‘
INto 2 ighlets were seen in ber voanmtas Her methen l'l'l'--::m.'c"!‘l!.n‘:ll s m.m-' Liven
to ber o few weeks presioasly ot the e of s post pattam ”"t‘.k npe Phe .-'\:u':
s of ingestesd] tablets was aot known The vonnteeg sl diarrhen eontined
for sluait twa hours, The patieat sabsequentis became comtose and renaned "
slevpnag

its state for shout sin hours Phe mther thonghe thar e ol \\::-
Mt 30 minates prier Teo et the besgat the patient anebe g teg
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to ery. This was zoon followed by coma, and the patient was rushed to the hospital,
Upon arrival she was found to be in a deep coma with flow, superficial and irregular
rexpirations. The pulse was very weak and irregular, and no blood pressure could
he deteeted. She was pronounced dead a few minutes later before treatment could
be inatituted. Autopsy results are not available.

Caxe 5.

(i February 17, 1959 C. K., a 3 year old Negro boy, swallowed an unknown number
of ferrous sulfate 1ablets and subsequently developed vomiting. The vomitus con-
tained chewed-up tablets with white particles in it. He became very thirsty and
refused his supper. Three hours later he vomited again and had a loose wiatery stool,
He was brought to the hospital and a gastric lavage was perfomed. On physical
examination he was alert and irritable. His respirations, pulse and blood pressure
were normal. His tongue was brownish in eolor. A few impetiginous lesions were
present over both extremities. The neurological examination was not remarkuble,
Hi» serum iron level on admission was 766 megm. per 100 ml. The other laboratory
examinations performed were within normal limits. His hospital course was un-
eventful. He was treated with intravenous fluids and was discharged after two davs
it good candition.

DISCUSSION

Lz review of 42 case reports of iron poisoning from the medieal litor-
ature. Aldrich?? in 1937, noted that approximately 50 per cent of the
reporied cases were futal. It i= apparent that many more instances of acute
iron poisoning oeeur, since mild cases usually are not being reported and
ather moderately severe eases are overlooked. The faet that our enses have
ocearred during a period of less than six months supports the above state-
ment, Iy all owr.cuses the iron was taken aceidentally in the form of 3-grain
ferrous sulfute tablet=. This medication had been given to adults for treat-
ment of anemia (in four instances to the mother, prenatally or postnataliy).
Caxes 2,3 and 5 were mild. the main symptom being vomiting. Diarrhea
and lethargy of short duration were noted in one case. All 3 of these patients
had an uneventful recovery and were discharged on' the third hospital day.
The only abnormal laboratory finding in these 3 children was an clevation
of the =erum iron which ranged between 397 and 766 megm. per 100 ml.
(the normal serum level of iron is 125 to 175 megm. per 100 ml.). All blood
sumples were obtained approximately two and one-half to three and one-
half hearres after ingest ion of the tablets. We believe that if proper facilities
are available, aoserum iron determination is the best luhoratory fest for
vondirmuing the dizgnosiz and deteeting the severity of the poisoning,

Case 1 orepresents o rther severe case of iron poisoning. and resembles
i its elinieal picture most of the previonsly reported eoases,

Aeuteivan poisoning can b divided elinieably into four chronologieal
Pl The et phise is charneterizel by vomiting, dinrrhea and,
stbsequentiv sviptasns of ecardioensealar eollagise, fethargy and coma.
It st approsimunety v taeight hours, Oge 10 of the fatal eases orenr
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in thix phase. The second phase is characterized by a temporury im-
provement of the patient and lasts 10 to 16 hours. This phase is very
important heeause at any time a sudden relupse of a severe and ustally
irreversible cardiovascular shock may oceur. The latter represents the
third phase and may oceur 20 to 56 hours after ingestion of the poison.
Seventy-five per ecent of the fatal easex usually suceumb during this phase.
The last phase oceurs as a very late manifestation of this elinical syndrome
in tho=e patients who recover from the more severe form. Sign= and symp-
toms of gastrointestinal obstruetion, secondary to searring, muy appeur one
month or more later. Surgieal intervention is necessurv when this compli-
qttion oceurs, !t o2

The age incidence of our eases was between 18 wnd 36 months, =imilar
to those observed in other reports? 120 Al cases were from the lowest
socio-cconomic class, wnd there were four Negroes and one white. Tt wus
not possible to determine the exaet dosage of the ingested tublets except
in ease 1. The fatad dosage varies widely. Speneer’ reported futal poisoning
with L8 G, of ferrous sulfate, while recovery has followed ingestion of
15 Gionl 1 T ix apparent that faetors such as fulluess or cmptiness of the
stomach before the ingestion, or vomiting whicli oceurs =oon after, may
bear a relationship to the severity of the potsoning,

Puthologie findings inelude neerotizing gustritis, and congestion
uleceration of the mucosi of the stomzeh or small intostine ¥ 2 2 \[uzo).
teric lvmphadenitis and thrombosis of the mesenterie veins niy oceur,™
Cloudy swelling and periportal hemorrhagie neerosis of the tiver wid other
viseerst have been observed F

Iy individuals suftering from acute ivon paisoning, very high plastu iron
levels have been demonstrated togother with o marked leukoeytosis, in-
creased serum bilirthin and deereased earbon dioxide combining power,
Decrensed prothrambin aetivity was observed in ense 1 oand o similar
finding hax heen observed by others® There lave been no reports of hlood
congulation abnormalities among the survivors.

There i o suggestion that some correlation between the serum iron level
and the severity of the poisoning exists, Serial exiunination of serum iron
in enme 1 showed results similar 1o those abserved hy others tsee tables 2
and 31 b 7 eases of iron intoxication reported in the literature serum iron
determinations were performed. A level as high as 8,130 megm. per 100 ml.
of sertm iron has been observed in a patient who survived.® The lowest
reported iron level wias 1680 megme. per 100 ml-0 In this case drowsiness
and Jethargy were observed. There have been no reports of serum iron
levels in fatal cases. In ease 1 the highest level observed was 3094 megm,
Der F0 mbs three hours Eter this bad dropped to 20000 mean, per (o0 m],
Athis time, when the Blood <omple was Ghen. the ehild hegan 1o tespoid

G CLINICAL PROCEEDINGS

TABLE 2
Scrum Iron Levels Correlated with Clinical Findings as Recorded from the Literature

i | . .
Author o ol S| coma | P18 | Outcome | frum fon
t

! Gm. ! To?fz; _ megm/ 100 ml
Soneerared 15 3,300 | + Recovered 1,120
Speneerte. L e e 3,420 + Recovered 330
Kaplanetal2. . ... .1 6 1,680 + Recovered normal
Birk et ald, .. . . . , 13 4,000 + Recovered 2,000
Brown and Grax$ ., ., S8 3,450 + Recovered 150

! (42 hours)
Davis and Gibhe3 | [ 8,120 -+ Recovered
Amerman et al L. 4 3,500 + Recovered ,'

TABLLE 3
Serum Iron Levels Correlated with Clinical Findings in Four Cases
of Iron Infoxication Scen at Children's Hospital

i H i
' i Initial Serum . i
Case Nu, © Age | Serum zlmn after \'omitingl Diurrhea - D"’:f" ' Coma
; ~ lron | 24 Hours ness
. e e ——— o e e R
! | megm, | ! ' :
months |1l ‘ i
LB Co s 3ae |osig Doy + ~+
0. Wo .36 1 57 3y + + +
3. ll.L...'.‘..;..‘: 24 639 1 472 +
3. : +

COEDY

P36 766

o stimuli and eried. Subsequent determinations showed a steady decline,
while the general condition of the patient steadily improved. On the thind
hospital day the serum iron was within normal limit=. From the above
observations there is some evidenee that high seram ivon levels are assoei-
ated with coma during the first phase, Thepe appears to be a wide variation
i the serum ivon levels associated with centeal nervons =vstem depression.
The Eavter nsualdly is seen with iron levels over 2000 megin, per 1K) il

The exaet mechanistn of death during the fir phase i~ not known,
Parge ammunts of ferritin are relensed from the gastraintestingd et into
the Blood due 10 the Joend effeets of iron,'s = 5 \a ferritin is o potem
visudepressor, absorption of Lowe amonunts eondid eapliin the shoek ob.
served in this phase* Brown wnd Gray® postubited that o direet toxie
setion of uneombined iron also exists during this phiee, e mechanistn of
decth during the third Pheese i atteibinted (o severe liver i,

There is no specifie treatment for this poisoning. Genepal supportive
teestires have been recommmended. Emptying the stongeh by induetion of
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vomiting or gastric lavage and the use of whole blood, pla=ma or plnsn}u
substitutes as supportive measures to overcome t!l(! shock are the I.lmlll.
steps in treatment. Correction of the eleetrolyte imbalance “'l,th, p“_".)‘:'
intravenous fluids is necessary. Qur case 1 was treuted’only by Hlp])mll\.(_?
measures and the child had an uneventful recovery. The use of B.\lf 1~
controversial.® The use of the artificial kidney has !)(f(fll fugg(-.stcd bt l't is
important to consider the faet that a large purt of f'txtilllrtfln in .lhe .wmm'
remains in the ferrie state and cannot be dlulyz(_-d.-'“ i ( h(-l:f‘nnfz agents
have been used but no published reports are :1\':ulnhlv. ux yer Fxehange
bload transfusion was recently performed in one cuse with appurent Iv !zm.)d
result=? We helieve that exchange tr:unsl'usim.n arefully performed \Ynhm
the first six hours after the ingestion of the iron may greatly benefit the
everely poizoned child. . '
) \{I(xln\l :ll)l(l);":::‘(('i]t](‘llhll poisoning of ecarly (-hihlhm:(‘l. the maost nnpurtun(tJ
responsihility for prevention lies \\'ilh.lh(- parents, They should I)(l- '\\I:u'iic‘l
that “iron pillz” are dangerous for l‘lllh]l.'(‘fl and should he ~:u'ofu'l‘.\ tln, (IT]
up in an inaceessible plwee. The physictaan and tl'w pharmaeist shouk
realize the huzard of preseribing Lirge numbers of tablets to pregint
women or to blood-bank donors. Tn contrast, small ‘numlwr.r 'u! tablets
packaged intight weappings shoidd be ll('li\'(‘l'!'(l' to the n'nn::l«-hmmn. :'uluh.
In four of our eases an uneotnted munh(‘l'. n.t' “iron tablet="" were given to
the mother by an obsteteiead omtpatient ehinie,

SUMMARY

Five euses of aette aecidental ferrons sulfate polsoning arve r(-pnru'(.l.
Three of them were mild, one ~evere, and one fatal, The nu-nh'!lw ‘f’ this
poizoning i= not unconmon. Serial determinations of the serum iron m.l.hv
severe eaze were performed, and the observations made wre recorded. The
‘ N H 1 i 1 1 g . . Ow
elinical picture, pathological findings, pathogenesis, treatment amd pre

) ) . 1 1 3 t . 3 . ‘. 1 1 1Y M3 g 1 P¢r
vention of this svndrome, with w brief review of the l.n_'_'llsh.llln.mx.u . .1}1(
diseussed, We helieve that treatient with exchange transtusion lhl!'l.ll;.{ the

o four 10 ~i  grently benefit the severely poisoned child,
first Tour to <ix hours may greatly benefit the severely poisar
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Roproduced by permission

. Itis now a well- established fact that the'
sv-called phy siolugic anemia of lafe infancy 1
—veeurring between G and 18 months of age

s an iron ‘deficiency ancmia. It is charac-

knized Ly decreased hcmr)tvlobm concentra- -
tiun, decreased hematocrit, microcytosis, and
pochromia. This is in contrast to the
“Physiclogic anemia of early infancy™ which
5 due o a relative hy poplasm oi the ery-
throil elements of the bone marrow and oc-
""~ i the presence of adequalte iron stores.
*" The fact that iron supplementation—either
" omally froum dictary or medicinal sources or
";‘““ Iatenteral administration—will cnrrc(':t
" ""’K(" ¥ prevent this iron deficiency anemia
M {uil-term and in premature infants is
;:‘]‘1 accepted. s 1t has been generally as-
«, however, that in “‘well-uourished”
s who are receiving an “adequate”
""’ €@ of dictary iron, the additional supple-
‘”".lu-.\ with medicinal i iron would pm(lmc
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centration or hematocrit values. The purpose
of this study was to test this assumption.

This scemed to be one instance where a -
pediatrician in private practice was in a bet- .
ter position to obtain these answers than in-

vestigators working with a large clinic
population. This study was conducted among

“infants from an above average intellectual

and sociocconomic group. There was no rea-
son to doubt that these infants received ex-
cellent parental care and an optimal diet or
that the parents followed the instructions
given them during the course of the study.

Thus the objcct of this study was to deter-
mine whether daily supplement of 5 g of
clemental iron given orally as ferric pyro-
phosphate would maintain hemoglobin and
hematoerit levels at a significantly higher
level during the first year of life.

_ Mecthods .

Al hcalthy full-term infants who enterrd my
pediatric pructice were inchuded in this study. No
other eriteria were used for paticnt sclection. Lt
of the total of 32 sthjeets failed to complete the

.’ . R . e “roe



“one-yaar sl fein’ be e
the gpeBicadionn for some irrcdevant fe
hecan
P
fami

ason and not
of adverse ofects aned four because their
-5 meved away ad eould aot be followed.

Using the double bl technione, a paticnt -
sivtmicat shieet randosily assizned each infant one of
feur colors, two of whi-h representsd o multivitanin
piep wation and two the same multivitamin prepara-
Aiou Lo which'iron as fcrrn p) rnpl:osphalc had been
addgd.

The raultivitanin preparation \\nuh “ ) ;,ncn
once daily contained the following ingredients in
each 0.6 cc dose: vitamin A, 3,000 units; vitamin D,

. £00 units; thiaraine (vitamin Bi), 1.5 mg; vitamin
-Bs, 10 mg; pyridoxine (vitamin B.), 1.0 mg;
cyanueobalimin (vitamin lu), pg; riboflavin, 1.2
mg. . .

The preparations containing the iron mcluded 43

mg of ferric pyrephosphate, which is cquivalent to
5 mg of clemertal iron in cach 0.6 cc dose.

As can he scen, this vitamin preparation does not

. contain any vitamin C, tecause ascorbic acid is not

" stable in the presence of iron. In order to insure an .
adequate vitamin C intake,-all of the infants were

tieir nouthiers stopped

.

Qveir teparately M. mypg ot awscorine acmd dasly "F

Camtil the tn'u—:!t ahout two months—when 1.

were drinking at Jeast otic ounce of orange Juu-,..
daily.

Fhe dietary regimen which these infants l'u-l(n.-.
was o8 foellows :

1. Breast milkk or cvaporated milk fornul, for
the first four months, then lomogenized milk.

2. Cereal wus aulded at about one month.

"3 Frufts were started at about six wecks,

4. Crangze juice started at about two montls.

5. Vegetubles started at about two nionths

6. Ezz yolk was ad:ed at about three months,

7. Mceats were started at abcut four months.

The solid food was subdivided into three meul.
as follows: AM: juice, cereal, egr yolk; nuon:
‘meat, vegetable, fruit; vat: cereal, fruit.

- In addition, these infants ingested bctwcen 2%
nnd 30 ounces of milk daily. :

No vitamin or iron supplement was given unt.l
one month of age when the infants entered tlis
study. Hemoglobin and henwatocrit determirations
and weight and height measurements were made
just prior to therapy at one month of age and were

. R

- - ..

B ’ : R ' N TAsLE L—M:ltizvitamin
C . ) - ¢ Pretherapy, 1 Mo ~ 1. - .Apreox.3 Mo S :
Tl sex - Hzb et Wt Mt 0 Mgb- . Het. . Wt. . I o

S - {Om) - (%) (L) {Ia.) (Gm) (% - (b -
. > oM L1548 '3 .06 210 - 108 - 3@ 133 24.00
. M - M2 ©of 8.56 ‘2075 17 - 43 133 23.75
- . M e 32 - 683 190 N2 3 2109 .22.00
- M : .18 3 10.69 2175 124 7 T438 - A0
* M 135 B 1025 250 152 4 15.50 2523
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. F S 124 38 K 20.75 1.6 .32 123t 2350

F 1.1 0 . 988 22.00 131 33 i IE) 24.50 .
F V128 xn 1244 23.75 128 B 1544 25.00
F n.2 35 10.13 21.00 10.7 ‘32 .44 325
: F . 13.9 40 8.75 N2 . . .104 33 1206 . 2450
F 15.4 4 s 738 21900 1M 43 1147 2.2
F - 160 ® 8.81 21.%0 134 © 14.08 26.00
F L US . 11.00 72.00 <130 14 1881 - 2425
F 122 3 13.81 23.50 n2 3 1750 - 2595
F TR 33 13.25 2.0 1o % 15.00 25.00
¥ ‘126 7 10.39 2.0 110 3 M9t . U5
¥ 104 31 8.08 2.50 124 % 11.00 23.00
F 13.6 o4 w2 ni v 3% 1235 R

Averapes . N . o ’ :

(i} ToL 130 S 9.03 21.00 12.4 a7 14.33 . 2447
© _— 131 £ 2] g2 21ss 12.4 7 14.10 2425
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“Averazes) (1) arithrietic uveruye; i:) adjusied average (1o common pre~tu't. valucs); (J nd}usxed average for 44 who complctcd sl dy.

The differences in Eentoglobin and hemato-

crit values between the two grouns are k!"-
nificant at the 3¢¢ level at three, six, and nine

- months of aze, but the diference does not

attain statistical significance at 12 monthe.

. These hemoglebin and hematoerit valuyes—

after adjusting {0 a common pre-test value—
are shown graphically in Fig 1 and 2
respectively,
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A compumon oi the welght and’ hexz it
measurements revealed no differences be-
tween the in'fa ts who received the iron sup-
plement and those who did not. Comparing
the males and females by adjusting all pre-
test measurements to a common ‘base line
revealed no differences in hemoglobin, hema-

» - tocrit, weight, or height between the sexes at

any of dw post-treatment intervals,
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~ Thus, the results show that the administra-
tion of 5 mg of elemental iren daily from one
month to one year will preduce a statistically
significant increase in hemoglobin and hema-
tocrit vaiues at three, six, and nine months
of age. This difercnce is not statistically
~ significant at 12 ment!s of age. The increase
- in hemoglobin amd emiatoerit vajues in the
iron supplement greup Joes not reflect itsel
in weight and heighi nreasureinents.

Comiment .

The results of this stndy indicate that
hetioglobin and baiatoerit values can be in-
creased siganiiicantly by iren supplementation
during the fivst year of lie with as Fule as §
Wig o clenemzl iran daily, eiven orally to a
rreup ef very wll-nouvishied, healthy infants
HUN I P Gle practice,

Sturgeon ® coneludes it a0 daily dictary
Wlowanee Gr 1013 wes kg Aday will achieve
Omad dron nutritien Tor o substmtial ma-
e Ty ol the dndant popatation.”” JThis . in-

vestigator estimates, in his group of infants

from a high socioeconomic group, that at

three months of age they reccived 4-3 mg of
dietary iron per day and at six months 8 mg

of iron per day, or about 1 mg/kg/day. The

addition of § mg of medicinal iron per day
vill increase the intake to about 1.5 mg/ke/
day. The results of my present study indicate
that this iron supplement did produce a sia-
tistically significant difference and that the
higher figure of 1.5 mg/kg/day is necessary
to provide optimal iron nutrition. Sturzeun

" has founrl that hemoglobin concentrations

were not increased further by giving orally
more than 1.5 mg of iron/kg/day-.

In Sturgeon’s well-nourisked group of in-
fants (“superior normal cuntrol group”) the
vician humoglobin values were 11.3 gm and
JI6 gm at 6 and 12 wmonths, respectively,
with no significant difference frer a group
of infants wha received 1.0 and 2.0 /i /
day of dron s ferrees sulfaie, The corres-

. pouding values ip.my study were 120 gmand |
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12.1 gimat 6 and 12 months, respectively, in not reﬂect in (ln. llught and welght nnmnre-’f

the control groupas compared (0 12.7 gmand
12.7 g in the infants wha received 5 my per

day of iron as forric p)ropho:plnk The
diflerence of 0.7 gm of hemoglobin s statis-
tically significant. 1t is interesting thal this
difference equals the increase of 0.7 gm

“superior normal comrol gwulv" ""0 mg of
pnrentc.r.tl iron. - .

e . ) . .
Summary . :
e

* The purpose of this study was to determine

“whether the daily ingestion of an iron sup-

plement (5 mg of elemental iron as ferric

pyrophosphate) would elevate significantly
+ hemoglobin and hematocrit levels or increase

the rate of growth during the first year of
life in a group of healthy, well-nourished in-
fants. Hcmoglobin and hematocrit levels and

“weight and height measurements were taken
- at 1, 3,6,9, and 12 months. Starting at one

month of age, half of the group in this
donble-blind study received daily 3 my of

iron in a multivitamin preparation and the

control group received the multivitamin alone.
The iron supplement produced a statistically
siynificant increase in hemnglobin and hema-
tocrit levels at three, six, und nine months of
age, but the difference was not suatistically
significam at one year. This ditference did

" the sexes.
which Sturgeon observed when he gave his .

ments or in the general well-being of these-?

well-nourished, healthy infants. Com[nruw

“the maleés and females at each posi-treatment

interval; there was no difference’ in hemo- *

globin, honmtmnt wmght or helght but\uen"'

PR

In conclusmn allhou;,h a slgmluant \t'v-

]

I

i' .‘-.'. .v,v : . ‘.-

tistical dlﬂcwnce was shown in the hemn—- "
globm and hematocrit’ \.llues by giving the’,

iron supplement, there is no c\'ulcme that this ¥

difference has any real medical mgmﬁcame.,‘,_'
S. 'M l"rcc, PhD bxo—shhstlcxau analyzed the ‘~

Velw o,
-.|'._ ,s:.
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Most iron salts arc relatively inert, and modern thera-
peutic practice recommends their use in full doses. Certain
iron preparations are, however, apt to cause dyspepsia,
and even one Blaud's pill may occasion abdominal dis-
comfort in susceptible individuals,  According to Goud-
man and Gilman (1943) iron salts wsed in the treatment
of anaemias may causce * pastric distress, colicky pain, and
diarrhoca. These complaints are more prominent after
ferric salts than after ferrous salts, and more common with
the solublc than the insoluble preparations.”  They con-

sider that this is especinlly true of ferrous sulphate, owing.

in part at least, 10 the smaller doses used.

- Cases of poisoning duc to the ingestion of iron are
extremely rare.  Smith and Cook (1934) mention a casc
of a girl who swallowed 1 oz. (28 g.) of ferrous sulphite
and recovered. Nearly all the cases of poisoning by iron
preparations are due to the tincture of perchloride of iron,
but & case of iron eacephalopathy has been reported by

Hurst (1931) followinz the oral administration of huge .

doses of iton and ammonium citrate. He states that no
other example of remote symiptoms due to iron (other than
local gastro-intestinal effects) has been reported.

Some experimental work has been done on iron poisun-
ing, but for the most part the method of administration
has been by injection. McGuizan (1926) quotes Kunkel
to the effect that the fatal intravenouns dose of iron for dogs
is from 20 to 50 mg. per kg. of body weight, Meyer and
Williums, according to McGuigan (1926), found that 0.6 g.
of ferrous sulphate injected into the veins of a dog caused
pronounced vomiting and diarrhoca ; 8 g. given -orally
proved fatal to a dog in 26 hours, and the necropsy showed
ccchymosis of the stomach and intestines. McGuigan also
reports the death of a man following the ingestion of 45 ml.
of tincture of iron.

Copper sulphate falls into the category of irritant metallic
poisons. Acule poisoning with this subsiance is very rure,
and fatal cases are still more uncommon. Conscquently
the fatal dose of this salt is unknown, but Smith and Cook
(1934) advance the suggestion that doscs of 1/2 oz, (14 p.)
and upwards would act as powerful irritants on adults,
and that a much smaller quantity would suflice to destroy
infants or children. Copper sulphate is a powerful emectic,
and may be used clinically for this purposc in doses of
from 5 to 10 gr. (0.32 to 0.65 g.). 1 taken in lurger
quaniities it causes acute gastro-enteritis.  Because of its
irritant propertics, if this salt is given as an emetic and
fails to act the stomach must be promptly emptied by somc
other meuans (Douthwaite, 1931). Retained copper s
absorbed from the intestine and passes to the liver, where
it is stored. It is excreted partly in the bile and partly in
the wrine,

The irritunt properties of copper sulphate are to soin
exlent an asset. Oun ingestion vomiting occurs promptl
andd diarchoca follows later.  These processes aid i
climinating the poisom from the system, so prevenlin
absorption and reducing the risk of remote toxic etfect
on other organs. It has becen observed (Smith and Cook
1934) that in non-fatal cascs jaundice is sometimes :
symptom, and this indicates that copper salts are apt t
lead to liver damage. A considerable volume of experi
mental work has been done on this problem in the form o
animal feeding experiments. Mallory, Parker, and Ny
(1921) announced that it was possible to produce pigmenta
tion and cirrhosis of the liver in rabbits and sheep by the
oral administration of copper salts or of metallic coppe
in powdered form. Their results have been confirmed b
Hall and Butt (1928), and denied by Flinn and Von Glahr
(1929) and by Polson (1929), who claim that copper doe:
not produce either pigmentation or cirrhosis, and that the
pigmentation seen by Mallory and his co-workers is :
natural phenomenon in the rabbit and is due to’diet only
More recently Mallory and Parker (1931) have repcatec
their experiments and have found that copper given by
injection in sufficient doses will kill a rabbit in from 2¢
hours to two to three weeks, and that necrosis and pig-
mentation of the liver cells can be demonstrated histo-
logically. They assert that by special staining mcthods they
have succeeded in demonstrating the copper in the liver
cells. If the rabbits survive for a variable period, cirrhosis
of the liver follows. They also describe the occurrence of
necrosis of the tubular epithelium of the kidneys. Their
results are supported by Hall and MacKay (1931), who
found. that 50% of their copper-fed rabbits developed
cirriiosis of the liver, and that large quantities of copper
were stored in this organ. Indirect support is also given
by the finding of Gordon and Rabinowitch (1933) that in
cirrhosis of the liver in man the copper content is increased.
Thus there seems to be some evidence that copper salts
can produce liver damage in addition to the gastro-intestinal
irvitation admitted by all toxicologists. .

Manganese is genecrally regarded as being a relatively
non-toxic clement. A scarch of the literature has failed
to reveal a casc of acute mingancse poisoning in man.
There are, however, reports of chronic poisoning of indus-
trial origin where the. symptoms are those of heputo-
lenticular  degencration.  The  ncurological  syndrome
resein’ Ies in some respects that characteristic of Parkinson's
discasc (Goodiman and *Gilman, 1943). Von Octtingen
(1935) reports that the lesions of the liver and central
ncrvous system secn clinically can be produced in animals
with toxic amounts of manganese, while Hurst and 1lurst
(1928) failed to detect any changes in the brain even in:
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the presence of gross damage to the liver. A single large
dose of a4 ninganese salt given subcutancously will prove
fatal in one to two days, while smaller doses repeated will
produce circhotic changes in weeks or months 3 similar
chunges arc found in rats which have had manganous
chloride added to the dict (Findlay, 1924). Hurst and
Hurst (1928) alvo produced acute and chronic changes after
giving injections of manganese. It is fairly clear that both
acute and chronic damage closely allied to acute’ yellow
atrophy and cirrhosis, as scen in man, can be produced in
animals experimentally,

Jtis questionable whether these experinients have proved
the toxicity of mangancse under ordinary conditions in
man.  According to Richards (1930) the bulk of the cvi-
dence secms to show that when ingested, even in fairly
large amounts, mangancsc. compounds have no toxic
cffects.  lle guotes the work of Reiman and Minot (1920)
and of von Oecltingen and Sollman 1o prove that feeding
mangancese ores Lo dogs and pigeons over a long period and
in large amounts fails to produce any signilicant changes
in the mangancse content of the blood and tissucs or any
pathological symptoms. Richards fed manganese to pigs
and found no toxic symptoms after the daily ingestion of
3.5 g. of manganese citrate for ncarly nine monihs.

Case 1 .

A healthy boy aged 3 years 3 months took a box of tablets
off the kitchen table in his home at 12 noon on April 23, 1946.
According to the mother’s estimate the box contained about
50 tablets. At 12.30 p.m. the samc day the box was found to
be empty. and the child admitted having swallowed all the
tablets. Each tablet contained ferrous sulphate exsic. 3 gr. (0.2 2.),
copper sulphate 1/25 pr. (2.6 my), and manganese sulphate

125 gr, Shortly. afterwards the boy vomited and a few tablets

were rcturned.  During the afternoon of that day the child
slept fitfully, was thirsty, and appecared to be very weak. At
6 p.m. he vomited again, and the vomitus was clear fluid only.
He had a fairly comfortable night, and next morning his
general condifion had improved. On the following day he
showed no symptoms likely to cause alarm till 10 a.m., when
his skin became yeliow, his pupils dilated, and he was very
restless. The child’s condition steadily deteriorated till
530 p.m. on April 25, when he died—53 hours after taking
the tablets. Medical advice was sought by the boy's mother
immediately she discovercd what he had done, bui no treat-

- ment was considered necessary in view of the fact that he had

vomited. - Actually hie was not scen by a doctor till 48 hours
afterwards and he had no treatment during the illness.
Post-mortem Examination.—The only significant  cxternal
findings were a suggestion of jaundice in the sclerotics and
some abdominal distension.  ‘The stomach contained 3 oz.
(75 p.? of dark coffee-ground material and the mucous mem-
branc along the lesser curvature was brown and necrotic.
“The remainder of the mucosa was rather oedematous but not
acutely inflamed. The anterior wall of the stomach was stained
blue and the subperitoneal vessels were injected. The small
bowel was filled with black semi-solid material which had
stained the rather vedematons mucous membrane, and there
was vascular engorgement herc also. The large bowel was
healthy, but contained hard black masses of constipated facces.
The liver looked about normal in size, weighed 510 p., was
not unduly fabby, and there was no pronounced wrinkling of
the capsule. Both on the surfuce and on section this organ
was in part bright yellow and in part veddish purple. The
distribution of these arcas was irrepular and the normal liver
markings had disappeared.  The spleen was slightly enlarged,
and there was o very small quantity of blood-stained fluid in
the peritoneal cavity, The kidneys were in a state of advanced
cloudy swelling, and in the pelvis of cach there was a small
quantity of bright-yellow crystalline material.  ‘Vhe bladder
contained 1/2 oz. (14 nil) of cloudy urine which was not grossly
bile-stained. The only abnormalities noted in the respiratory

- system were a few hacmorrhages, cach about 1/4 in, (0.6 cm.) in
diameter, at the lung roots and some thick mucus in the bronchi.

L
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The heart muscle was pale und there were two small sub-
endocardial haemorrhages on the posterior wall of the left
vendricle. Further haemorrhages, similar 1o those ‘seen on the
lungs, were noted at the lower pole of the thymus and along the
descending thoracic aorta.  All the other organs were normal,

Nistology.---The liver showed degenerative changes ranging
from cloudy swelling to complete necrosis.  Some of the liver
lobules had entirely disappeared, while in others the central
cells still vemuined.  Where the liver cells had vanished the
capillaries were widely dilated and there were extensive arcas
of hacmorthage.  General * polymorph ™ infiltration was in evi-
dence, and deposits of granular pigment were seatiered about,
There was necrosis of the gastric mucosa to varying depths.
Throughout the stomach wall the vessels were intenscly
engorged and there were haemorrhages between the muscle
layers.  The, submucous layer was infiltrated with * poly-
morphs,” and in places there were minute abscesses, @ The
tubules of the kidneys and the heart muscle showed cloudy
swelling.  The lungs were acutely congested and there was
some ocdema.  Desquamated epithelium and red cells were
present in the bronchi.

Chemical Analysis-~The tiver and the bowel and its contents
were wet-ashed with nitric and sulphuric acids. The copper
in the residue was determined polarographically, using a Tinsley
recording polarograph, with the following results: liver
11.2 mg., bowel S mg. The manganese was detcrmined by con-
verling il to permanganate ion and measuring the absorption in
a Hilger-Spekker absorptiometer. The following resulls were
obtained: liver, 4.2 ‘mg. ; bowel, 8 mg.

Case 2

At 7.15 p.m. on Sept. 9, 1946, a 1-year-old boy swallowed
a quantity of the same proprietary prepuaration as in Case 1.
It is estimated that he took between 30 and 35 tablets. The
mother at once gave him salt and water, and when this failed
to produce emesis she inserted her fingers into his throat and
he vomited undigested food and a number of the tablets.
Shortly afierwards the boy returncd some brown material, and
within an hour fresh and clotted blood. The child was admitted
to hospital 90 minutes after taking the tablets.

On admission he was pale, collapsed, and shocked, with
laboured, noisy, moist, and bubbly breathing. The pulse was
thin and rapid, the rate being 170 a minute. There were dark-
brown stains oh his mouth resembling dried altered blood.
The percussion note of his chest was wmimpaired and moist
breath sounds werc heard at all areas. All other systems
appeared to be normal. On admission to the ward the child®
started retching and when held up by his feet he vomited
about 1 oz. (28 ml) of fresh bright-red blood mixed with
mucus. Immediate treatinent was given to counteract the shock,
warmth being applied externally. Gastric lavage was considered
to be contraindicated, and bland fluids were given in the shape
of milk and jced water. His general condition improved, and
after a minim (0.06 ml) of nepenthe a1 10.15 p.m. hc went
to sleep.” Four houss after admission the child again collapsed
and appeared in cxtremis. The only positive findings were
moist sounds in the chest and indications that the broachial tice
was full of fluid—presumably aspirated vomit. Intranasal
oxygen was given, with slight improvement. The tablets in
question were found to be radio-opaquc, and the neck, chest.
and abdomen were radiographed (o deterimine whether any
tablets could be seen in the stomach, bowel. or respiratory
passages. None was observed.  Atropine 1/150 gr. (0.43 mg)
was given at 4.5 am. on Sept. 10 and the child scemed slightly
improved, but during the forenoon his temperature rose to
103 F. (39.4° C)). On the ground that an aspiration preamonia
was developing, a course of penicillin was started at 12 noon,
with the result that the temperature began to fall. During
the day there was one bowel action, the stool being very dark
brown and oflensive. At 6 p.m. the child again collapsed and
vomited a small gquantity of reddish-brown fluid.  He wis
placed in an oxygen tent, bt he died at 1.3C a.m. on Sept. 11- -
that is, about 30 hours after taking the tablets, f

Post-mortem Examination~This was carricd out 34 hours
after death. There was no jaundice. The only positive finding
externally was the presence of a blotchy vash on the abdominal
wall.  The trachea and bronchi were filled with thick greenish
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Muid which, from its colowr, obviously contiwined some of the
pigmented coating of the tablets.  Both lunps were congested,

and in them there were areas of collipse and a few scattered

small lmemorrhages,  There were a few areas of pncumonic
consolidation in the lower lobe of the right lung.  The stomach
was empty.  Under the peritoncun covering it some haenor-
rhages coubd be seen. The lining of the stomach was brown,
due to necrosis of the mucous membriane.  The small bowel
was normal, apart from an occasional area where the vessels
were ongorged.  The large bowel was heulthy and the contents
of the bowel were stained black.  The liver weighed 334 g,
and its capsule was smooth, ‘Fhe liver tissue was yellow, bt
there were no hacmorrhagic areas. Cloudy swelling of the
kidneys was present.  The urine contained no bile and no
leucine or tyrosine crystals. The other orgins were free from
abnormality.

Histology~~The liver showed cloudy swelling and some fatty
degeneration, but no necrosis. The gastric mucosa  was
necrotic to various depths, and much of the necrotic lining
had been shed. The whole wall was intensely conpested and
there were extensive areas of hueinorrhage in all its layers.
In the submucous layer accumulations of “ polymorphs ™ could
be seen. The scctions of the lung showed a typical broncho-
pncumonia. Cloudy swelling of the pancreas and kidneys was
noted. .

Chemical Analysis. -The liver and the bowel and its contents
were analysed by the sume method as was used in Case §, with
the. following results: copper in liver, 2.88 mg.; in bowel.
4.58 mg. : manganese in liver, 1.375 mg. ; in bowcl, 3.56 mg.

Comment an Analysis
Quite a number of estimations of the normal copper

content of the liver have been madc, and a few of those
published have been summarized in Table 1. Many of the

- TapLe 1.—~Normal Copper Content of Liver

Copner
Authority Age per ky. of l.iw.l
Fresh Dry
. [ mg.
Sheldon and Ramage (1931) .. i f;:;t’l;:\ Eﬁ;; l:(s)
lutants under 2 years 14-0 —
Children 2-14 years TR -

Lesné, Zizine, and Briskas (1936) 1

1
Cunaingham (1931) Adult (6-2) 249

Brickmann and Zondek (1939) .. { fnfunts to 6 wecks Clah] B4
Cited by Briickmann and Zondek: Vo ; 5 62 )
nfants to 7 weeks (66:) 265
erfuge etal. (1933) ... Children 3-12 years (15-0) [o}]
Kleinmann and Klinke (1930) .. Adults 69) 27-8
Herkel (1930) .. . .. .. " (6-4) 254
Tompsets (1935) .. . " (5-5) | . 220
. IChildren 3-12 years 9-03 —_
Morrison and Nash (1930) . Hnfants 1o 2 years 24-0 —
) ] Adults 5-86 —_

figures are given in terms of milligrams of copper per
kilogram of dried tissue. The human liver contains
approximately 75%. of water (Gordon und Rabinowitch,
1933), and on this basis the figures quoted for dry tissue
have been converted to milligrams of copper per kilogram
of fresh liver. These figures arc shown in parenthesis in
Table I. 1t is at once apparent that there is a considerable
variability in the results. This is duc to two factors.
First, the series of estimutions was in most cases too short
to strike a reliable average, as in any biological variable
there is considerable deviation on cither side of the mean ;
and, secondly, the copper content of the foetal and infunt
liver is considerably in ¢xcess of that of the adult (Sheldon
and Ramage, 1931). Frum the figures quoted the average
for infants up to 2 years is 40.4 mg. per kg. of fresh liver ;
for children from 2 to 14 years, §1.8 ing. per kg.; and for
adults 7.2 mg. per kg

In Table 11 some estimations of the miangancse content
of the liver arc quoted. 1t scems that this clement is present
in fairly constant amounts, and that there is no storage in
infancy (Briickmunn and Zondck, 1939). ‘The average
content per kilogram of fresh liver is 1.8 mg.

M D1 al, JourNay
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Favte .- Normal Manganese Coutent of Liver

! Manganese per hg. of Liver
Autharity : — ¢ e -
Fresh | Dry
Britckmann and Zondek (1939) .. e 1-75 mg.) 70 .
Cited by Britchmann and Zondek :
Ramage et o, (1933) .. 0 ., .. Q0 my) K-4 my.
Richards (1930) .. .. . .- 1-75 my. —
Reiman and Minot (1920) .. .. . 1-70 mg. —

Table J11 shows the content of manganese and copp.:
per kilogram of fresh liver in the two cases under con-
sideration. There seems to be no parallel between the

Tame HE---Manganese and Copper Content of Liver in
Cases 1 and 2

I Liver Weight | Copper per kg. of Liver l Manganese per ky. of Liver

54 g. 81 mg. 39 my.

Case % | 510 g 21-9 mg. l 82 mg.

two. In Case 1 the liver-contains about twice the amount
of copper expecled, and in Case 2 only a fifth of 1the
normal average. ln Case 1 the mangancse in the lver i~
over four times the normal, while in Case 2 it is only twice.
No reasonable conclusions regarding the passage of the
absoibed copper to the liver can be drawn, because of the
relatively small amounts ingested and the variability in the
normal content in young children. In both instances the
manganese content was substantially increased, which sug-
gests that, as the basic figure is more constant, this elemen:
tends to pass to the liver. .

Animal Experinicnts

In order to determine with certainty which of the
ingredicnts of the preparation in question was responsibls

for the death of these two children, a number of animal

feeding experiments were undertaken. Guinea-pigs and
cats were used. In the first instance six pairs of guinea-
pigs were treated with the tablets. One pair served as con-
trols and were given 6 ml. of water only. The remainder
were dealt with in pairs with §, 4, 3, 2, and 1 tablet respec-
tively. Those given two tablets at 3 p.m. one day were all
found dead next day at 9.30 am. The post-mortem findinzs
were similar in all cases. The stomach showed a bluish-
green patch on the greater curvature, and was distended
with granular coffee-ground material heavily stained with
fresh blood. The mucosa was brown and necrotic, and
patches of it had been shed. Haemorrhages could be secn
with the naked eye in the stomach wall. ‘The upper part of
the smull bowel was injected and the contents were blocd-
stained. The large bowel and its contents were norma:.
and the animals did not suffer from diurrhoea. The liver
appcared normal and no abnormalities, apart from
occasional haemorrhages on the lungs and pericardium,
were noted elsewhere.

Histological examination of the stomach showed necrosis
of the mucous membrane to varying depths, with detach-
ment of the more superficial layers. The vessels were
engorged und hacmorrhages could be scen in the sub-
mucous and muscular layers. * Polymorph " infiltration of
the submucosa was noted. No wholesale necrosis was
scen in the sections of the liver, the commonest appearance
being cloudy swelling,  Some vacuolation of the cells w.a
not uncommon, and this was more in evidence in those
animals given the larger doses.  Here the cytoplism
appeared granutar and fragmentary, and somctimes the
cell contained a nucleus isoluted in a large vacuole sur-
rounded by an intact cell membrane, These areas were
irregularly scattered and did not bear any special relation
to the portal canals. * Polymorph " accumuliations in the
liver sinuses were not nncommon, but the groups usualiy
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amounted to no more than a half-dozen cells. No signifi-
cant histological changes were observed in any of the other
tissues.

The two controls and the two guinea-pigs given one
tablet cach remained apparently unaffected. One control
and one of the other animals dicd later from broncho-
pneumonia.  All four animals were dissected, and no
abnormality wus discovered in the gastro-intestinal tract.

Two cats were each given five tablets, and within a short
time they became ill and vomited blood. Onc of the cats
was killed 44 hours later. The other —at survived but was
ill for several days. It refused food, had no cnergy, and
its coat was ragged. It had apparently completely
recovered 18 days later when it was destroyed. The post-
mortem examination of the first cat revealed naked-cye
and microscopical changes in the stomach identical with
those found in the guinea-pigs. Al the other organs,
including the liver, were normal. The second cat appeared
to be perfectly healthy at necrepsy, and there was no histo-
logical abnormality of the stomach. Sections of the liver,
however, showed changes similar to those seen in the
guinea-pigs given the heavier dosage. Many areas looked
healthy, while in others the cells were in various stages of
degeneration up to complete necrosis. There were no
large arcas of nccrosis, but rather small nests of cells here

- and there surrcunded by healthy liver tissue. No regenera-

tive processes were seen.

At this stage of the investigation it was apparent that
when a certain dose of this preparation was cxceeded it
was relatively lethal to cats and guinea-pigs. To determine
which ingredient was the noxious one, it was decided to
administer them separately to a further batch of animals.
To begin with, ferrous suiphaie was used alone. This was
given to four pairs of guined-pigs in doses of 3 gr. (0.2 g.)
each to the first pair, 6 ar. (0.4 g) to the second, 9 gr.
(0.6 g.) to the third, and 12 gr. (0.8 g.) to the fourth. One
of the guinea-pigs given 3 gr. died in 5 hours, the other
survived, as did the pair given 6 gr., while those given
9 and 12 gr. died overnight. The post-moriem findings
were identical to those observed in  the guinea-pigs
previously treated with tha reprictary tablets, The animal
killed by 3 gr. of ferrous sulphate weighed only 210 g.
while its mate weiched 445 ¢ ; the pair given 6 gr. weighed
675 and 770 g.  On considering those guinca-pigs killed by
the smuller doses we find that, on an average, 1 gr. (0.065 g))
of ferrous sulphate per 64 g, body weight will prove fatal
(Table 1V).

Tyoir 1V

Weight of Guinea-pis Des: of Feerouws Sulphate rer (Emiu of
Ferrous Sulphate

416 g. 6 gr. (04 ) 69 g.
355 g 6 gr. (14 ) 9y,
210 g. Jer (02gp) T ..
535 g. D yr (6 ) 6 g,
5t g, 9 (06 g.) A2y,
Mean: G

The fact that the ferrous sulphate alone had the same
eifect and produced pathological changes identical with
those oceasioned by the proprictary  tablets sugaests
strongly that the ivon salt is the noxious ingredient. It was
theretore decided to give six fresh guinca-pigs manganese
sulphatle and copper sulphate together.  The proprictary
tablets contain /75 gr. (0.87 mg.) of/these salts for cach
grain of ferrous sulphate, and it was found that sbhout
1 gr. of ferrous sulphate per 64 g, body weight of guinea-
pig would prove fatal. The fist paic were piven 1/75 gr.
of the manganese and copper salts per 6 g, body weight,
the sccond puir double that amoun:, and the third pair a

triple dose. This treatment had no cffect of any sort on
the guinca-pigs. It would appear, thecefore, that the two
children and the experimental "animals died from acute
ferrous sulphate poisoning.

Conclusions

The proprictary preparation in question is widely used
therapeutizally and is generally regurded as being quite
innocuous. This may be true in ordinary doses, but the
two cases described and the results of the animal experi-
ments clearly show that in very large doses this preparation
may be highly dungerous. It is clear that these are cases of
acute ferrous sulphate poisoning. This salt, in contact
with the gastric juice, would be converted into the chloride,
which has a considerable irritant action. This accounts
for the acute haemorrhagic gastritis found in the two
children and in the animals. The remarkable feature of
Case 1 was the extreme liver damage found. We failed to
produce comparable lesions in the expzrimental animals.
Of course, in their case death occurred quickly, while the
clder boy lived for 53 hours after taking the tablets. This
allowed time for considerable toxic absorption from the
damaged tissucs of the stomach, and this alone may hae
been “suflicient to produce the degree of liver destruction
found. The younger boy lived for 30 hours, and in his case
the liver damage was not nearly so great. He died from
an aspiration pneumonia, and had he not contracted this
he might well have recovered. The quantities of copper
and manganese taken were too minute to have any toxic
cffect.

Summary

The toxicology of the salts of iron, copper, and manganese
is bricfly reviewed. :
" Two cases of fatal acute puoisoning due to a proprictary
preparation coniaining ferrous sulphate, manganese sulphate,
and copper su!phate are described.

The results of a chemical analysis of the liver and of the
bovel and its contents are given in each case.

A short series of animal feeding experiments is Jdescribad,
proving that the ferrous sulphate is the noxious ingredient in the
preparation concerned.

U kave pleasure in acknowledeing the help T have reccived in this
investivation. Mr. R, Belelher and Mr. G. W, C. Milner, of the
Department ¢f Fuel Technology of ShefMicld University, very kindiy
performed the chemical analysis of the organs. Dr. Beryl Smith, a
resident physician at the Children's Hospital, Shefiield, provided
me with the clinical report on Case 2. Dr. L. F. S. Mackay,
Lecturer in Physiolezy at Sheflicld University, undertook the fending
uf the experimental animals, To these volleagues [ am deeply
indebted for their Kindness and willing co-operation.

REFERENCES

Hritctmann, G., 1d Zondek, S. G. (1939). Biochem. J.. 33, 1845

Cunninsham, 1. J, (1931, Ibid., 25, 1267.

Douwthwaite, AU HL (1930, Uale-White's Materia Medica, 20th ed |
P IAY, Chuichill, London.

Findlay, G, M. (194).  Rrit. ], exp. Path., 5, 92

Flinn, I, B., and Von Glahn, W. C. (1929}, 1. exp. Mcd., 49, §

Goodman, L., and Gilman, A, (1943),  The Plarncacoloical ficis
of Pherareutics, pp. 761, 1112, Macmillan Company, New York

Gurdon, AL, and Rabinawiich, 1. NI, (1983).  Areh. intern. Med
51, 143,

TRl L0 M and Bui, B M. (1928, Arch, Path., 6, 1.

- o= and MacKay, EUONL (1931, cler. /. Path., 7, 327.

Lhurst, AL FOG03, Gav's Hosp, Rep., 81, 243,

Tarse, 1F0Wo od Huest, PLE, (1925, 1. Puatl, Bact., 31, 3.

Lend, T, Ziviae, P, and Briskas, S, B, (1936). . r. Sue. Bied .
Paris, 122127,

MeGuivan, . AL (1026). /. Lab. olia. Aled., 12, 0,

Mallory, 0 8, i Paeker, T (19310, Awmer, 1. Ptk 7, 351

co-o == camd Nye, RUONC (192D, 2. aed. Rés., 42, 401,

Morrison, DB and Nach, B (1030, 7. hiol. Chem., 88, 379

Octtingen, W, F, van (1935), Physiol. Rev., 18, 175,

Pulsen, C 3. (1929, Brit, J. exp. Path., 10, 241, .

Peiman, C K., and Minat, A, S, (20N 1 biol, Chem., 42 129

Riclands, M. B (00, Biochem. J., 24, 1572,

Stehdon, T, aad Ranvage, 11 (1931), 1bid., 28, 1608,

Smith, Soand Cook, W, G LL (1914), Tavtor's Prndiples and
Practice ut Medical Jwispradence, 2, S44, 486, Churchill,
1 endon,

s
H

|



FERROUS SULPHATE POISONING CAUSING PYLORIC OBSTRUCTH
By ISABELLA FORSHALL and

Nusirovs reports of ferrous sulphate poisening in
children have been published in the fast few vears,
The Roval Liverpool Children’s Hospital and Alder
Hey are the two major children’s hospitals on

" Merseyside ; during 1950-51, 12 children suflering

from ferrous sulphate poisoning were seen at these
hospitals,

Pyloric obstruction following the ingestion of
caustics is a well-known complication ; 1t has not,
however, been recorded after ferrous sulphate
poisoning. The two following cases in which the
history and clinical, radiological, and operative
findings were very similar are considered of sufficient
Interest to justify record.

CASE REPORTS

Cuse 1.—Marjorie H., 17 months of age, was admitted
W Alder Hey Children’s Hospital on May 28, 1949
Forty-cight hours previously she had swallowed between
ten and fifteen Fersolate tablets.  Following this accident
she was * off colour ’, refused to swallow solids, and
screamed at night with abdominal pain.  She had vomited
four times shortly before admission ; the Jast vomitus had
tontained black material.
¢xamination she was pale and apathetic; her
Pulse was 140 and of poor volume. Nothing abnormal
¥as discovered on clinical examination.  There were no
Petee and the liver and spleen werc not palpable.

_The blecding-time was 2 minutes and the hamoglobin

98 pa cent. She vomited fresh blood twice on the
Yening of admission and a blood transfusion was given.
c 0.y day (May 29) she had five more haematemeses
and 3 fyrther 300 c.c. of blood were transfused, after
“hich her  condition improved. Oral fceding was
Slaredy slucose-saline being given initially and then iced
MK  On May 30 her gencral condition was satisfactory ;
tmeglebin 101 per cent, but she continued to vomit
:.“"W" mutcrial which gave a strongly positive reaction
\‘," Bloed and a weak positive reaction for ferrous iron.
o:mhvsluwly subsided and by June 1 she was taking
;."a)\fdlcl. She made a satisfactory recovery and was
Wehaveed guite fit on Junc 10, no vomiting having
eurred for 1en days. .
. e as re-admitted on July 13 with the history that
e dechurge from hospital she had at first vomited
'l'}':“ dedv. During the week preceding re-admission,
¢ frequency of the vomiting, which had no definite
.r".'"'“mlship 10 tood, had increased 1o 2-3 times o day.
a ' mother had noticed  * waves * passing over  the
dowen from feft to right.
2 ON ExaMINATION.—She was a thin, ill, dehydrated
‘h'l:‘i the tongue was furred and dry. There wis
Marved fullness in the epigastric region and large peri-
Saltic wayves were seen crossing, from the lett costal nurgin
towiards the right hvpogastriune, - N-ray  examination

3‘,\-{- J. Surtd.

§i:379 381, '79¢

I P RICKHAM. Livirroog,

atter - banum meal showed o grossly dilated ~tomadh @
atter ax hours only o mndkle of banium had passed the
prlorus Fieo g 0 T was feared that the barium would
completely obstruct the pylorus and the stemach was
therefore washed out 3 nevertheless, there was il
barium in the stomich 24 hours Lier. Fhe child was

F16. 461.—Radiograph of stomach thice bouns stier nees-
tivn of barium meal.  The stomacy campties shew v the barnan
wrickling through the naow pylone cumnel a8

put on continuous gastric stction and intravenous mfusion
of half-strength plasma,

A1 OpERATION cluly sy The peritoneal cavity was
entered through o miidlne supra-wmbabical incsion. - Fhe
stomuch wits found 1o be dilned and tack walled ¢ the
pylorus was noinid moappenrice. but palpation: gave
the impression of tlackenmye o the waills of the pylone
Gl Incision of the pylone antrum anteniorly showedd
the gt macesa o be thcd and u:\lcn:.unx_;\ and the
pylotic canal prossiv stenosed, only adoatting o tine
probe o noarcs of scarring of the mucesa of the pylong
antrumy was identiticd. A postenor. no-loop gastro-
jejunostomy was perforied.

Post-operatively  the vtk was put on continuoeu.
EastTiv suction and intravenous glucose-saline mfusion

* Reveived for publicates Mav o0 g8z,
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/ ol . o Aug. 18 showed
reduction in tl’l# stze of the stomach and rapid emplying
inte the jeiunal loop. The child was discharged on
Sept. 10, at which time there was still a marked degree of
cpigastric distension.

She was followed up in the out-paticnt department,
her abdominal distension gradually disappeared, and
although she has remained thin and small (she was 5414 in.
tall and weighed 30 Ib. at 4 years of age) she has enjoyed
gued health, cats well, and is not constipated.

Case 2.—James M., 13 months of age, was admitted
to the Royal Liverpool Children’s Hospital on Jan. 13,
1952; he had swallowed an unknown number of

F16. 462.—Radiograph of stomack:, as
meal.  Dilated stomach with 2 smal} <
upper third of the greater curvaturs.

Fersolaté tablets two hours previously,  Vemiung had
eccurred 15 minutes. and again 45 munutes. after the
accident.

On cxamination, the child was pale. (nocked
drewsy 5 the pulse was 180 and of poor volume @ 1t
temperature 96 F. He vomited again and & gastric
lavage with sedium bicarbonate solution was purtormed.
An intravencus infusion of half-strength plasma was
instituted and bismuth carbonate gr. 3 given at jour-
houtly intervals.  The next day  his condition had
improved and there had been no further vomiting. ‘There
was vague tenderness over the epigastrium 3 the liver was
not chnically enlarged. On Jan, 15 oral feeds were
started ; he vomited agasin once the next day. The
Intravenous infusion was discontinued on Jan. 17 as there
was no further vomiting and the child was taking
:gl::facmrily by mouth. He was discharged home on
‘b, 1. °

James was re-admitted on Feb, s with the history of
having vomited after every feed since his discharge from
hospital. “The weneral condition was quite good and
there was no dehyvdration. “The clild took feeds well but
had several att ks of somiting during the nest few days.
On Feb. 11 banum meal was given and the child was
sereened §the banum poreed rapadiy into the stomach,
which was of Bonmal sizce Phere was a4 small pastric
diverticulum of the uppor 1hed of the greatar curvature
Fizo 462 . The stemady emplied vy slewly, the

.//u 1w ulf’t”tul= -, y-/qxpgj/edqf l,;.,uunlt )

‘

‘anvugn & much narrowed pyloric
channcl (Fig. 463) ; there was still barium in the stomach
after vight hours, On Fcb. 20 a test fecd was given and
gastric peristaltic waves were scen crossing the cpigastrium.

AT OPERATION (Feb. 27).—The peritoncal cavity was
cntcred through a supra-umbilical transverse incision.
The stomach was found to be dilated but its walls werg
not thickened ; the pylorus looked normal, but its walls
werc definitely thickened to palpation. There was a
small diverticulum, 1 in. in diamcter about two-thirds
up the greater curvature. A longitudinal incision was
made along the anterior aspect of the pyloric antrum ;
a small probe could just be passed through the narrowed
pylorus. Tt was seen that the pylorus was obstructed by
the scar of a healed ulcer situated on the inferior, postcrior,

FIG. 463.—Radiograph of stomach : 1< hours after ingestion
of a barium meal. A grossly dilated stomach : only a trickle
of barium has passed the pylorus. Cuse ».

and superior aspects of the proximal end of the pyloric
canal. The scar measured about 1 in. in length and
} in. across. A Heinicke-Mikulicz pyloroplasty was
purformed, the diverticulum was excised, and the abdomen
closed ; 150 c.c. of blood were given during the operation.
Continuous  gastric  suction and  intravenous therapy
were continued for twelve hours after operation.  Fluids
by mouth were then started. The  child made an
uninterrupted recovery.

¢ DISCUSSION

Since Forbes 71947, and Thomsen (1947) cach
reported the death of a child following the ingestion
of ferrous sulphate tablets, there have been many
reports of ferrous sulphate poisoning in British and
American  journals.

The clinical picture of the acute phase of ferrous
sulphate poisoning in children is now well known.
Pallor, tachycardia, retching, vomiting, drowsiness,
listlessness, cold clammy skin, often hamatemesis
and somctimes diarrhaa, the stools being  cither
bloody or clear, have been described by many
paediatricians.  Spencer (1951) stressed the point
that symptoms may not appear for 24 hours after
swallowing the poison, collapse being delayed. A
number of necropsy findings have been descrihed
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in the literature ; the stomach is most often affected
and the small intestine less frequently, The mucosa
is cedematous and congested and there are many
hamorrhagic and necrotic arcas. These changes
have been explained by Swift, Cefalu, and Rubell
(1952) as follows: The caustic effect of the iron
produces mucosal nccrosis ; this destroys the tissue
barrier to iron absorption and permits chemically
unaltered ferrous sulphate to gain entry into the
veins and lymphatics, and causes thrombosis and
gangrene, :

There has been some disagreement as to the cause
of death in these children. Prain (1949) has
advanced the thecory that death is caused by liver
failure, but this is not substantiated or gencrally
accepted.

Pyloric obstruction following the swallowing of
corrosives is not uncommon. The first case was
reported by Robert in 1828 and Strode and Dean
(1950) collected 150 cases from the literature. Gray

- and Holmes (1948) in a comprehensive article listed
- the following chemicals as causes of pyloric stenosis :
hydrochloric acid, sulphuric acid, nitric acid, tri-

", chloracetic acid, carbolic acid, zinc chloride, copper-

*sulphatc, potash, and formaldehyde. McLanahan
‘ (1934) described a case caused by tincture of iodine.
] In only 65 per cent of the 139 cases reviewed by
' Gray and Holmes (1948} was there a concommitant
- eesophageal stenosis. It is noteworthy how often
- the pyloric antrum and the pylorus are the only areas
: affected by the ingested caustic.  This is explained
by the rapid transit of ingested fluids along the
i Mugenstrasse of the stomach (Waldever, 1908).
:Schulenburg (1y41) quotes Testa (1938), who added
‘caustic soda to a barium mixture and fed it tw
experimental  animals, following the progress of
this mixture under the X-ray screen. The fluid
passed quickly down the wsophagus and along the
Magcustrasse and was held up in the pyloric antrum
by firm spasm of the pylorus.  Subsequent necropsy
showed that the trauma to gastric mucosa was
confined t the pyloric area.

In cases of pyloric obstruction following the
ingestion of caustics symptoms do not manifest
themselves until between ten days and six wecks
after the accident (Schulenburg, 1941, Presumably
the fibrosis and narrowing of the pylorus caused by
healing of the traumatic ulcer becomes severe enough
o produce symptoms only after this period has
elapsed. The two cases reported in this paper
show a time lag within these limits (46 and 23 days
respectively).

In our first case we did not slit open the pyloric
antrum and pyloric canal _and could therefore
not see the ulcer scar which caused the obstruction.
The scar of the uleer was clearly demonstrated in
the second patient.

Milroy Paul (19513, in discussing the treatment
of pyloric obstruction following corrosive poisoning,
states that although partial gastrectomy has been
advocated, only 4 of the cases reported in the literature
have in fact been treated by this operation. The

majority of patients have had a gastro-enterostomy

performed, with excellent results. The first case
m which a successful gastro-enterostomy  was
performed for pyloric stenosis due to a corrosive
was in 1884 when Monastyrski successfully treated
a 36-ycar-old woman who had ingested sulphuric
acid.  As children under s years do not stand partial
gastrectomy well, a gastro-enterostomy was performed
on our first patient. In the second child we widely
opened the pyloric antrum and pyloric canal in order
to inspect the mucosal Lining and it then became
obvious that a Mikulicz pyloroplasty could easily
be performed. Pyloroplasty has been criticized as
a treatment of pyloric stenosis secondary to corrosive
poisoning, but several successes are reported in the
literature, amongst them the first successful pyloro-
plasty ever to be performed by von Mikulicz in
1888 on a 20-year-old girl who gave a history of
having drunk large quantities of vinegar many
years previously.

The presence of a gastric diverticulum in the
second patient raises the question if this was an
intidental finding or secondary to the pyloric
obstruction. Only 8 cases of gastric divertcula in
infancy have been described in the literature. Ogur
and Kolarsic (1951) reported a child of 9 weeks of age
with congenital pyloric stenosis ; at operation 2 wide
diverticulum on the lesser curvature, 1 cm. proximal

_to the pylorus, was found. This was regarded as

a pulsion diverticulum secondary to an obstruction
of nine weeks’ duration. In our case the site of
the diverticulum and its histological appearance
are in favour of a congenital origin.

SUMMARY

Two cases of pyloric stenosis in voung children,
following the ingestion of Fersolate tablets, have been

" Jdescribed.  The history and clinical findings in

the two cases showed marked similarity. Both were
successfully treated surgically. It is believed that
these are the first two cases 10 be recorded.

X'e would like to express our thanks to Dr. R. W.
Brookfield for referring Case 2.
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DENTH FOLLOWING INGESTION OF FERROUS SULFATE*

FOIL FOUCAR, ALD., BENJAMIN 8. GORDON, M., a~p
SIDNEY KAYE, M.S.

-, From the First Army Medical Laboratory, New York, N, Y.

Ferrous sullate is vegarded as a reldively nontoxie substinee, Reports of
poizoning with iron salis are searce.  Helpern? in 1937 reported 898 deaths from
aceidental, homicidal and suicidal poizonings, hut no case of poisoning lrom iron
salt was ineluded. Several eases of ferrous sulfate poizoning have heen reported
L2 53 4 both foreign and Ameriean journalz during the pertod from 1850 to
1800, Peterson, Haines and Webster® refer to a death after ingestion of 15 ec.
of tineture of irvon, equivident to 6 G of =alt, but make no reference to the
pathologie findings. They also mention four cases of homicidat poisoning in
Martinigue with ferrie ¢hloride.  Neeropsy of one case showed a greenish black
“fur-like “mud” covering the tongue, csuphagns and stomach: swelling, conges-
tion and ecchymotic points in the Liver and l\ldn(‘\' s, and mayked hyperemin of
“the brain and membranes.

The pharmacologie actlions of iron have l:ovu .sludu-d extensively, but studies
on the toxicologic cffcets of iron salts are meager.  Edmunds .md Gumn in
Cushny's Pharmacology? deseribe the ofieets of oral ingestion of lavge quantitios
of iron salts as consisting of “‘pain and uncasiness in the stomach, nausea, vomit-
ing and often purging, with all the ordinary symptoms of gastrointestinal ir-
ritation.  Geuneral weakness and collapse may be induced, but are manifestly
sccondary {o the gastrointestinal irritation; and no symptoms which may be
attributed to the absorption of ivon have heen observed in either man or animals.”
We have had an opportunity to study a case in which ferrous sulfate was in-
pested, and we were able to confirm the above findings that death resulted from
sceondary shoek following the ingestion of a strong corrosive agent.  Iron was
important in this case only as the vehicle of an anion that constituted a strong
acid. T

\
REPORT OF CASE

Clinieal dala. ~A white male, age 26, was adinitted to the hospital in shock witha b is'(ur\'
“of having accidentally ingested one-quarter (3) pound of ferrous suliate UR.P. in aqueous
suspension. e was evanotic, had vomited blood and wus doubled up with abdominal
pain. JFThe skin presented eyanosis and purplish blotehes.  The seleral Llood vessels were
congested, and the pharynx was injecled.  There were blood stains about the mouth, nose
and pharynx.  Examination of the chest was negative.  No arterial pulse was palpable,
nor could o blood pressure reading be obtained.  The heart was not enlarged to pereussion,
the sounds were heard faintly and the rate was about 130 per minute. The abdomen was
not distended, but there was boardlike rigidity. No peristalsis was felt or heard. A
durk brownish black liquid was oozing from the anus, The reflexes were normal.  ‘The

red blood eell count was 7,860,000, hemoglobin 113 per cent, leukoeyte count 53,750 with a
ditferential count of n(mtmplnls 71 per cent, Iyniphoeytes 25 per cent and eosinophils 1 per

* Reeeived I'ux publication, April 12, 1918, :
971 ’
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cent. “The freativent consisted of wastric Ervage, nsygen, transfusion with whule
artifiwind re-plration, The patiest expired afier about {hree hours.,

Autapey fadings. The pupils were slightly dilated. The guins were discoloreg dury,
brown, and 1he nail beds were evanotic. The museles were of normal color. The peri-
tonens: was dusky red and smooth, and there was a small amount of sanguineous fluid iy ¢l
pelvie eavity, There were small, darl red, soft Iymph nades along the greater curviyre
of the stomuach. There was a seall amount of sangaineons fluid in the left pleura) cavity,
The perieardium was dusky red in eolur.  Esamination of the Lungs revealed hemorrbage iy,
the left Jower lobe.  The other lohes were edematous.  The broneli were congested bl
contained a frothy fluid. The heart showed subendocardial hemorrhage throughout the
left ventricie.  The splecn was gro=sly normal.  The lizer, pancreas and adrenals displuyed
no gross abnornalitics. The esophayus showed erosions of the mucous membrane and 5
grayish substance adherent (o the lining of the distal end. The stomach was dilated and
filled with dark, bloody, thick fluid. The gastrie wall showed large areas of hemorchupr..
The rugae were oblitercated and the mucous meinbrane was diseolorer gray and red, ex.
tensively croded and covered with adberent grayish black. metallie, granular sulstanec .
Similar erosions and grayizh black content were noted in the duoder wm and upper portion
of the jejunwmn. The mucons membrane of the rest of the intestinal tract wag congeste |
and covered with grayisk black granular material, The large intestine contained reddish;
black fluid material, and the mucous membrane was covered with plaques of gravish Liaek
material.  The genitonrinary tract was normal on grogs examination.  The dura and dureg
sinuses were normal. The cerebral vessels were normal. The brain and ventricles were
not remarkable. : .

Micrgscopic czamiration of the lungs showed a filling of the alveoli and brouchinles of
the left lower lube with whole blood. There was no pneumorie reaction.  The opithetiu:
of the tracken das desquamited.  Sections of the sloniach showed necrotic muenai Govert
with a granular mantle. There was congestion, Lemorrhage and edema, and lymphoeyr;
infiltration ikroughout the substantia prupria mucosae. The submucosa was congestod
The epithelium of the jejunum and ilcwm showed necrosis with deposition of coarsely gran.
ular materinl. The submucosa presented congestion and edema.  The liver showed varying
degrees of acute parenchymatous degencration. The extoplasm was finely granular
Many cells were without nuelei while othier liver cells displayed large hyperchromatic nuelei
The splecu displayed congestion and hiemorrhage of the red pulp. The interlobular farty
arcolar tissue of the pancreas presented edema and varying degrees of hemorrhage: ner fat
necrosis was identifica.  Sectious of the adrenals were normal.  The letedne g sections shoawe 1
congestion of the glomerular capillaries. The cells lining the convoluted tubules slw'-\t‘-f
finely granular degeneration and many cells had no nuclei.  The lumina of the corvoleted
tubules were small and contained a finely granular, acellular detritus.  In the gion:
zones of the medullary ray= ddeep cortexy, there were a few areas of interstitial Iymphos
infiltration.  Examination of the sections of the SJorcbruin showed subarachnoid conge:
edema of the cerebral cortex and pyknosis of the pyramidal cells.  No hemorrhage an e
perivaseular cellular infiltrations were noted.  The basal gunglia showed venous and xgal
lary congestion. Scetions of medulla displayed subependymal edema. Ther we e L
changes in the Lypoglossal, vagal arcuste or inferior olivary nuclei, or in the pifasa:

Piussien blue reaction.  (Ferrous sulfate is unstable and is aaidized to ferrie saltate
The mantle attached to the surface of the gastric mucosa Wlisplayed a Prussinn, bie te
action.  There was aspiration of gastrie content in the lungs,  The alveolar w e
a Prussian blue rexetion involving the endothelium of the capillarivs snd the ey topluean o
included grunuloeytes. Sectious of Kidney, brain, thyreid. liver and mlrrn:ﬂ_ all puve 2
negative Prussian blae test for ferrie iron, The residue in drinking glass contained g2
sulfate. The vomitus contaimel Tar d

blowd iy

*

s amounts of ferrous ions, small amounts of
jons and Lurge smounts of suliate racdieal. The contents of the stomach and farp
revealed Targes susounis of bload, ferrous aad ferrie fons and sulfate radieal.

Prussian idie teai vas positive only in those tissties which were divect!y in cont s

. v
ferron- =0 e,
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BUMMARY

’ -
The oral ingestion of one-quarter pound of ferrous sulfate was followed Ly
deatih within three hours.  The symptoms were those of very severe gaclro-

_iutestinal irritation, and death was attributed o shoek.  There was no clinical,

pathologic, or toxicologic evidence of absorption of the ferrous sulfute.
. . 4
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COMPARATIVE EFFECTIVENESS OF VARIOUS IRON
COMPOUNDS IN PROMOTING IRON RETENTION

AND HEMOGLOBIN REGENERATION BY
ANEMIC RATS

SMITH FREEMAN AND MARIE W. BURRILL
WITH THE TECHNICAL ASSISTANCE OF MARGARET GRIESSER
Department of Physiology, Northwestern University Medical School, Chicago

{Reevived for publication June 15, 1945)

Iron compounds used for the enrichment of bread and flour should
possess two qualifications. First they should be utilized by the body
and secondly, they should have no adverse effeet upon the preservation
of flour (Fed. Reg., ’41). Most compounds of iron that are readily sol-
uble in water and dilute acid cause flour to become rancid or to have a
decereased vitamin content (Gillet, *43). Sodium iron pyrophesphate
seems to have no adverse effect on Hour, but there is some diffecence of
opinion as to the effectiveness of its utilization by the body. Nakamura
and Mitchell (’43) reported a relatively high degree of utilization of
this compound in anemie rats while Street (°43) found it to kave only
about half the effectiveness of ferrous sulphate in promoting hemoglohin

“receneralion in anemic rats,

The present study was undertaken to compare various iron com-
pounds used for the enrichment of bread and flour as to thdr effeet on
iron retention and hemoglobin regenceration in anemie rats. The con-
pounds were not only, tested as such, but were also compara when used
as the fortifving ingredient in specially prepared breads. Some obser-
vilions were also made on the efficacy of two iron compmnds in pre-
ventineg anemin in milk-led rats,

METHODS

Hemoglobin was determined by the method of Wu (22) as adapted
to i photoelectric colorimeter. The white blood cell pipettes used for
hemoglobin estimations were calibrated on a standard blood of known
iron content. The iron analyses by the thivevanate mdhod were done
as previously deseribed (Ifreemann and Tvy, *42) with only one maodifi-
cation. Inmiediately after extraction of the iron thioeyanate with iso-

2004
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amyl aleohol, the colorimeter tubes containing the extract were warmed
in a water bath at 40°C. for 5 minutes and then read.

The rats used in the experiment were distributed among the various
groups according to weight and sex o as to make the groups as uniform

- and comparable as possible.

Anemia was produced according to the method of Elvehjem and Kem-
merer ("31) using cages that were deseribed previously (Freeman and
ivy, "42). The rats were depleted on a milk diet until the hemoglobin
oncentration was approximately 3.0 gm. 100 ml. of blood. This degree
ol depletion usunally required 33 to 43 days after weaning (21 days of
age). ) : .

The depleted rats received the iron compounds under study as a
supolement to the milk diet which was offered ad libitum. The iron
compounds were mixed with cane sugar in such proportion that 1 gm.
of the mixture contained 0.25 mg. of iron. The iron content of the mix-

ture vas verified by analysis. That amount of iron-sugar mixture pro-

viding 0.25 mg. of iron daily for 28 days (as determined by analysis)
was drided into 28 capsules (no. 000). The contents of one capsule
were fed daily in a clean salt cellar with added thiamine cbloride (10 Y)
and corper and manganese as sulphates (0.05 mg. of each). The daily
supply of milk was withheld until the supplement was consumed.

The breads containing the various jron compounds were made from
a dough of the following composition: ' flour (unenriched) 100; water
63; veast 2; salt 2; sugar 5; milk (dried skim) 3; veast food 0.5; and
lard 2. .

To this basic mixture was added an amount of iron which would give
0.20 mg. of extra iron to each 5 am. of air-dried hread or 18 mg. of extra
iron per lo:f of bread.® The iron salt was thoroughly mixed with the
dry ingredionts before the dongd) was prepared. The baked bread was
sliced, air-diied, ground, mixed and analyzed. According to the anal-
vres, the amoant of dried eromud reud whicl; contained 0.27 mg. of iron
waz 4.5 to 5.6 @, This wmount of Lread was fed daily to the experi-
mental animak. The control rat< reecived {he same amount of the plain
bread which eontained 0.07 ma. of fron by amalysis. Milk was offered to
the animals on'y fter the hread - sompletely consumed,

The rats were killed after 9% duay< an the supplemented diet. Hemo-
ziobin deterniinations weve made on {he ~eventh, seventeenth and
twenty-cighth days,

PPrepared Ly the dmerican Institute of Paking,

P This amount of iren is Slightly dnexe s of 15t revommended for the corichment of bread

and flour by the Natienal Rescareh Coupeil, See Bulll Nut. Res. Couneil, no, 110, Nov. 1944,
**Errichment of Flour and Bread ',
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In the part of the study concerning prevention of anemia in milk-fed
rats by iron compounds, the weanling rats (21 days old) were given
0.25 mg. of iron daily either as ferric chloride or sodium iron pyro-
phosphate in a sugar mixture similar to that described above. The con-
trol group received the sugar alone. Each day, after the sugar or sugar
mixture was entirely consumed, the rats were given milk ad libitum.
Hemoglobin values were determined at 15, 30 and 40 days, At 40 days
the rats were killed and the carcasses analyzed for iron content, Hemo-
globin and iron determinations were also made on 21-day-old rats that
only had access to milk since the twelfth day of life. ' :

RESULTS

The iron content of the carcass after 40 days of depletion was found
to average 0.94 mg. per rat (see table 2). This value was taken as the
iron content of all the depleted rats used in this study and the retention
of iron from any supplement was caleulated by subtracting 0.94 from
the final iron content of the carcass. The total iron intake from bread
or supplement divided into the iron retained by rats on the supplement
times 100 gives the percentage retention from various sources. The
relative iron retention was calculated by comparing retention from
other sources with that from ferric chloride. The ligh relative reten-
tion of the iron contained in plain bread is in accord with the finding of
Smith and Otis (’37), who showed that small amounts of iron result in
a relatively greater hemoglobin regeneration by anemic rats. Aecord-
ing to these same authors, the total daily amount of iron fed in these
experiments is at the upper limits of the range over which there is a
direct relation between hemoglobin regeneration and iron intake. The
data reported here demonstrate a direct relation between jron retention
and hemoglobin regeneration. '

Iron retention and hemoglobin regencration by anemie rats on the
various iron salts when fed as such or contained in bread ave presented
in table 1. These data show a goéd correlation hotween hemoglobin con-
centration and the iron content of the careass.

The rats which received ferrie ehloride with sugar or in bread showed
the greatest iron retention and hemozlobin formation,

Tron retention and hemoglobin regencration for sodium ferrie ortho-
phosphate, both as the salt and in bread, and for fervic orthophosphate
in bread were only slightly less than for fervie ehlovide iron. Reduced
iron was somewhat less effective, both as the salt and in bread. Sodium
iron pyrophosphate was the least effective of the compounds studied,
Doubling the daily intake of this salt was without significant effeet upon
iron retention or hemoglobin regeneration.



CTABLE 1

Iron retention and hemoglobin formation by anemic rals reeeiving iron supplements or iron enriched bread,

ﬂl:::'l‘ SOV REY o g P
1 Feorrie ehiloride '
b Fervie ehloride
3 Ferrie ehioride

4 Sodium iron parephosphate

S Double smount 7 sedium

B

iron pyrophesphate
6 Redueed ivon
7 Sodium ferrie orthophosphate
N Fet'l, brend

9 Sodium iron pyrophosphate
bread

10 Reduced iron bread

11 Ferrie orthophosphate
bread

12 Sodium ferrie orthophosphate
hread

13 Plain bread
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.t between the results obtained when the iron
iminslwith szzar and when contained in bread. The rela-
: T various seuvees is in the same order in either
—case. The absolose ann 2nts retained from any given compound are so
similar for iron ernizined in bread as compared to that mixed with
SLEar as to indlvate thal the absorption of iron was not significantly
altered by its {z:lz<i:n in the bread. Widdowson and MeCance (’42)
found that i iror. was r.Ew".»:d by human suhjects from a diet that con-
tained 40-30% of izs calories as white bread but that its absorption was
reduced when wkite feur was replaced by one containing considerable
quantities of bran. '

TIUS Tel L‘!AIZCIZ. >

TABLE 2
Perevertion 6_! aremia ilg.~ milk-fed rats.

: |
’ % l i ! mELaA-
AVE. Bb . RELA- . TIVE
«oPPLE.  mavs  TIXICS  ixe SAfny  ATI3  avemacs  AVRFe pe TIVE I~
‘!Isf N EXTIRI- [TIaL S“l'?‘l'l.};- DAYS OF FINAL Tl:.\".' or B't' . RETB-}" ﬂEe!l
crorp  WENT  WT. Tt ‘;’:\!‘: ' Bb CARCAEs TAINEDS sl HENO-
. } GLOBIN
A ;
- ' o™,
doyr . e 100 ml. | 2907 md. mg. =g. % %
FeCl, + 7 40 30 A2 13.60 ° 13.08 4.00 3.06 100 100
sugar - ' =203 2097
Prro? 4 v © 40 25 8¢ T.87 7.20 2,32 1.38 435 41.5
sugar . =066 *=03
Suagar 6 40 28 14 612 . 3.04 0.943
| =om =02
_ 2l-day- :
old 12 0 33 . 940 106
rats , =033 =014

! Rodium iron pyropbosphate.

- Final Fe conternt ¢f Fe supplimented group minus Fe content of group fed sugar alone.

A lower iron retention and hemoglobin regeneration by anemie rats
fed sodium iron pyrophosphate was demonstrated in three separate ex-
periments: first, with the compound fed at two concentrations, second,
when added to bread and thivd when it tailed to prevent the «|\‘\'vlup-
ment of an anemia in rats (table 2). It does provide suflicient iron to
permit growth but the retention of iron from this souree was ouly ap-
proximately half that of ferric chloride. whether used in the treatment
or prevention of .anemia.

The varions iron compounds show the following order of effeetiveness
in their relative retention by anemic vats: ferrie clloride > sodium
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ferric orthophosphate = ferric orthophosphate > reduced iron > sodi-
um iron pyrophosphate (talle 1). The order is the same whether the
rats were fed the compounds themselves or received bread containing
them. The relative degrecs of hemoglobin regeneration for the com-

N . v b3 -
pounds or enriched breads also give the same order whether determined

after 7, 17 or 28 days. For this reason only the final hemoglobin values
are included in the table,

Street ('43) studied hemoglobin regeneration in anemic rats and ob-
tained results which indicate essentially the same relative utilization of
ferrous sulfate and sodium iron prrophosphate as that which we have
obtained for ferric chloride and sodium iron prrophosphate. The
higher hemoglobin concentration on sodium iron pyrophosphate re-
ported by Nakamura and Mitchell (*43) may be due to the relatively
low weight gain of their rats during the experimental period. The de-
gree of anemia was also less in their animals at the beginning of the
experimental period. Iron retention was greater in 21 days for three
sodium iron prrophosphate rats reported by Nakamura and Mitchell
than for our 28-day animals maintained on the same supplement, while
ferric chloride retention was relatively greater in our animals.

The uniformity of iren retention and hemoglobin regeneration by
anemic rats on a given compound is illustrated by the data obtained on
three different groups of rats fed ferrie chloride. These three groups
were controls for rats fed sodium iron pyrophosphate, reduced iron
and sodium ferric orthopl.esphate. The three groups were studied at
different times and the rats were from different litters. There is good
agreenient among the three croups both as to iron retention and hemo-
globin regeneration. Variation in hemoglobin regeneration is greater
than for iron retention Lut the Lhemoelobin inerease is also greater so
that the impression derived fram cither determination is generally
mucli the came. In studying e ofiicacy of a given iron compound as a
source of iron, iron cortent appears to be a more direct measure than
hemoslobin concentracio:. Ol factors than iron abzorption may af-
fect hiemoglobin regernorarion and the coneentration of hemoglobin in
the blond is subjected 0t 1 fuctars that influence blood volume. The
influence of rowth on st coneentration of hemoglobin in animals with
a similav iron retention v owell jlinstrated by groups 4 and 3, fed dif-
ferent anmonnts of <edivr, iron peraphosplhiate (table 1), Although iron
retention wits exsentially the same for the two groups, the hemoglohin
inerease of group 5 was o au average about 2 g, Ligher while the
weight gain of this wronp was only slghtly more than half that of
graup 4.
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In the prevention of anemia in weanling rats, the relative iron reten-
tion of ferric chloride and sodinmn iron pyrophosphate was similar to that
obtained in the depleted rats (see table 2). So far as hemoglobin forma-
tion is concerned, this experiment ix theoretically complicated by the
fact that the diet is deficient in copper and manganese. If these two
substanees arc supplied the development of anemia may be retarded,
while if these substances are not supplied hemoglobin formation may
be influenced by their absence as well as by the availability of iron. At
the end of this experiment the variability both of hemoglobin and total
iron content was greater for the rats fed ferrie chloride than was the
case at the end of the depletion experiments (see table 1).

The prevention of anemia in milk-fed rats offers a method of evalu-
ating iron compounds which bas certai desirable aspects. This pro-
cedure saves time since the experiment is ended by the time the control
animals are depleted which is actually the starting point in the depletion
experiments. Thus the prevention method covers a span of 40 days’ time
while the depletion method in our experience takes 60 to 70 days. During
depletion some rats do not grow sufficiently or develop respiratory tract
infections and have to e discarded as unfit for experimental material.
This loss, representing considerable wasted time and effort, is reduced
when the source of iron is fed from the time of weaning, onl¥ the control
group being subjected to these hazards. The hemoglobi d total iron
content of the twelve rats killed at weaning in the present experiment
(table 2) indicate that the rats at this age were quite uniform when
treated as deseribed by Elvebjem and Kemmerer (°31).

SUMMARY

1. The retention of iron from different sources by anemic rats was
qualitafively and quantitatively similar irrespective of whether the
iron salts were fed as such or coutained in bread.

2. The various iron compounds tested showed the following order of

effectivencss with respect fo the relative degree of iron retention and
hemoglobin regeneration produced in ancmie rats: ferrie chloride > so- |
dinm fervie orthophosphate == ferric phosphate > veduced iron > sodi-
um iron pyrophosphate. '
3. Prevention of anemia in mitk-fed rats given supplements of forrie
chloride or sodium iren pyrophasphate for 40 days after weaning (21
days) gave results for refative iron vetention and hemoglohin regenera-
tion similar to those obtained with depleted rats fed the same supple-
ments for 28 days.,
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Biological Availability in Animals of Iron from Common Dietary Sources

James C. Fritz. Gwendolyn W. Pla, Talmadge Roberts, J. William Boehne, and Edwin L. Hove

!

Iron sources that are, or might be, used for fortifica-
tion of feeds and foods were examined by the hemo-
globin repletion technique with anemic chicks and
rats, Similar results were obtained with -each
species. Reagent grade FeSO,-7H,O was used as
the reference standard, and relative biological
values for other iron sources were expressed as a
percentage of the response to ferrous sulfate.  Iron
compounds studicd were found to have relative

values ranging from 0 to about 107. Food sources
of iron were less well utilized than the more available
inorganic iron soutces. The influence of other
dietary components was minor compared with
the influence of the iron source. Provided that there
was some availability, increased dietary levels of the
poorly utilized iron sources were effective for the
cure of iron-deficiency anemia.

ciency diseascs in the U.S. (Finch ef al., 1968; Gold-

smith, 1965; Gutelius, 1969; Schaefer, 1969) and
throughout the world (Blanc e al., 1968). The incidence is
highest in young children and in women during their fertile
years, Hemoglobin values below 10 g per 100 mi of blood,
and hematocrit below 31.5% packed cell volume are consid-
ered abnormal by most investigators.  There has been no im-
provement in the situation among children during the past 30
years (Gutelius, 1969). 1t is difficult to assess the effect of low
hemoglobin and hematocrit values on the health of the afTected
individual. There is at least statistical evidence that anemic
individuals have more frequent and more serious infectious
discases (Andelman and Scred, 1966; Bothwell and Finch,
1962; MacKay, 1928). A deficiency of dietary iron may lead

P | utritional anemia is onc of the most prevalent defi-

do.tissuc depletion of iron-containing or iron-dependent cn-

zymus and may causc secondary phenomena, including mal-
absorption (Nurr. Rer., 1969).  An iron-deficiency state may
exist before reduced hemoglobin and hematocrit are apparent
(Sood ¢1 ul., 1968). ‘
Although ancmia may result from many ditferent causes,
the form most frequently encountered is iron-deficiency
ancemis (Filer, 1969; Finch, 1969; Woodrufl, 196Y). The
USDA®s Agricultural Research Service (1969) estimates that,
on the average, infants under 3 yeurs of age and women under
35 years of age consume only about half of the recommended
dictary allowance of iron (NAS, 1968). —
Changing food habits have reduced the dictary intake of
iron. Little food is cooked in iron pots that normally con-
tribute substantial quantitics of iron to the food (Peden, 1967).
Another factor is the use of short extraction flour and other
cercals.  For example, Watt er al. (1963) note that while
whole wheat flour contains about 33 mg of iron per kg, patent
flour contains only about 8 mg.  The cereal enrichment pro-

_Bram aims to restore to the refined cereal products the whole

grain levels of iron and certain B vitamins, The standards
for enriched cercals (Code of Federal Regulations, 1969) state
that the supplemental iron shall be a source that is harmless
and assimilable. No criteria are given for determining
whether or not the iron actually is assimilable.

Controversy’ has arisen over the effectiveness of dillerent
ifon compounds that have been used for food fortification.
Steinkamp er al. (1955; considered iron supplicd as ferrous
sulfute, reduced iron, ferric orthophosphate, and sodium iron

Division of Nutrition, Food and Drug Administration,
Department of Health, Education and Welfare, Washington,
C. 20204 ,
Reproduced by permission

af tha copyright owneg

pyrophosphate to be about equally effective, whereas others
found more variation in the availability of iron from different
sougces (Ammerman e af., 1967; Blumberg and Arnold, 1947;
Freeman and Burrill, 1945;-Hinton and Moran, 1967; Naka-
mura and Mitchell, 1943; Street, 1943). Hinton and Moran
(1967) found considerable difference in availability of different
samples of reduced iron.  Harmon er af. (1967, 1968) found
ferric ammonium citrate and ferrous sulfate to be about
equally cffective for preventing anemia in young pigs, but
ferrous curbonate was less effective.
showced that availability of ferrous carbonate was correlated

‘with in vitro solubility. A “syrup™ containing ferrous car-

bonate was reported to be an elffective hematinic (Djafari and
Kettler, 1969).  In most cases where no apparent differences
were found in availability of iron from various sources, the
actual utilization of iron was very low by nonanemic indi-
viduals (Harrill er al., 1957). This may give rise to erroncous
conclusions.

Food sources of iron are less well utilized than many in-
organic iron salts (Hussain er al., 1965; Narula and Wads-
worth, 1968; Underwood, 1962).  Many factors are reported
to influence the absorption of dictary iron (Brise, 1962; Brise

and Hallberg, 1962; British Ministry of Health, 1968 Green- ;
berg e al., 1957; Greenberger and Ruppert, 1966; Herndon

et al., 1958; Kaufman ef al., 1966; Reddy er ol., 1965: Smith
and Medlicott, 1944 ; Tucker ¢ of., 1957).

‘ThEBurpose of this study was a critical examination of the

biological availability of iron from various sources. Special
dlicntion was directed to iron compounds that are, or that
might be, used for food fortification.

MATERIALS AND METHODS

The criteria used to judge availability of dietary iron were
the repletion of hemoglobin and hematocrit in young chicks
and rats made anemic on a low iron diet (Pla and Fritz. 1970).
Most lots of basal diet contained about 7.2 mg of iron per kg,
Reagent grade ferrous sulfate (FeSO,. TH.0) was used as the
reference standard, and the quantity of iron furnished by the
sumple was compared Lo the quantity of iron furnished by the
ferrous sulfate that was required to produce the same FeSponse
in terms of hemoglobin and packed cell volume. AN com-
parisons were made at suboptimal levels of response.

Except when reagent grade chemicals were used at their
theorctical iron content, simples were analyzed for iron con-
tent by the AOAC method (1965).  They were then adided Lo the
test dicts in guantities required to furnish the desired iron con-
tribution to the dict.  When only small quantitics of supple-
ment were required, the test samples eeplaced a small portion
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Table I. Comparison of Availability of kron to Ancmic Chicks
and Ancmic Rats

Relative Biological

Values®
Iron Source Chicks Wty
Ferric ammonium citrawe 115 U
Ferric orthophosphate #1 18 12
Ferric orthophosphate 42 9 12
Ferric orthophosphate 3 12 30
Ferric sulfate . 65 T
Ferric oxide 3 I8
Ferrous carbonate « | 2 1
terrous carbonate #2 2 ¥
Ferrous carbonate 2 -6 )
Ferrous carbonate o4 2 N
Hish protein concentrate 22 53
Reduced won <1 54 34
Reduced ron #2 - 41 '
Reduced iron =3 66 34
Reduced iron =4 43 17
Sodium iron pyrophosphate #1 2 il
Sodium iron pyrophosphate #2 13 10
Trace mineral mix (commercial) 14 2t

¢ Relutive biological vatue = (100 X myg Fefkg from FoSO o {ng
Fe/kg trom sample) to give equal curative eltect.

of the whole basal dict.  When large quantitios of the sanples
were needed to furnish the desired level of supplemental iron,
the samples were added in place of dried skim mitk, degermed
corn meal, and glucose monohydrate (singly or in combina-
tion) to maintain protein and cnergy levels ef the test dicts at
comparable levels.

Hemoglobin was determined by the method ol Crosbs
er al. (1954) and hematodrit was determined s deseritiod by
Caohen (1967).  Where appropriate, the 7 test was usad fo
maasure sipnificance of differences, and leastsignificant ditfer-
ences were Grlculated (Snedecor, 1956).

In miost cases, availability of the iron was expressed in
terms of relative biological value, to permit comparisons be-
tween tests

myg Foskg from eSO,

relative biological vialue 100

mig Fo/hg from sanmple

to give equal curative effeet. Caleulitions of the actuad wili-
zation of iron for the formution of new hemoglobin were imade
on the assumption that 6.7 % of the body weight ol the rat wis
blood, and that hemoglobin contained 3.35 myg iron por g
(Greeaberg er al., 1957). Various groups, on levels of supple-
mental iron between S and 20 myg per kg of dict, furnizhed by
FeSO,. TH. 0O and corrected for the response to iron m the
basal diet, utilized from 45 to 3197 of the ron supplicd for the
formation of new hesmoglobin.

RESULTS AND DISCUSSION

Compatison of Chicks and Rats as Test Animads. Do -oi
chicks and weanling rits were chosen as test animals boecause
of their value in previous studies on ivon absorption s
metabolism, and the possibility that a sinularity of respaine 1o
a specilic jron compound in such dissimilar species vt
favor their acceplabdity as models ol the humin in this
respect.  Accordingly, @ scrivs ol dron souroes were Lo -
with anemic chicks and with anconc rats,
summarized in‘Fable L.

While some differences are appirent, agrevinenit betacen tie
responses by the two species is generadly good. Inono e
stance wis a compound poorly utitized by one speces ad
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Table 1I. Reclative Biological Value of Fkron from Various
Dictary Sources

Relative Biological

No. ~ Value
Iron Source Samples  Averape Range”

Iron Compounds
EDTA, dihydrogen ferrous

salt ] 99 97 00
Ferric ammonium citrate 1 107 98 115
Ferric choline citrate 1 102
Ferric chloride | 44 20 67
Ferric citrate ] 73 70 76
Ferric glycerophosphate 1 93 Ko Mo
Ferric pyrophosphate 1 Jds IR OS2
Ferric orthophosphate 4 14 7 i
Ferric oxide 1 4 06
Ferric sulfate t 83 65100
Ferrous ammonium sulfate l 99 99 100
Ferrous carbonate S 2 06
Ferrous chloride ! 9%
Ferrous fumarate 1 95 HIERRK
Ferrous gluconate 1 97 )
Ferrous sulfute (FeSO, . THLO) I 100
Ferrous sulfate, anhydrous 1 100
Ferrous sulfate, fred grade ] 100
Ferrous tartrate I 77 F0-83
Reduced iron 6 37 8 60
Sodium iron pyrophosphate K 14 R
Food and Feed Ingredients
Biscuits with ferrous sulfate I 89 77 1
Blood meal ! 15
Corn meal enrichment mix” ) 46
Corn germ H 40
I'ge yolk 1 KR
tish protem concentrate 2 28 5§ S}
Foriched break fast cereal ! A2
Foriched flour ! 1
Oat Aour R 24
Smectite-vermiculite ] il A
Soybean protein (isolated) 2 47 0 128
Trace mincral mix

(commercial)? 2 12 024
Wheat germ ! S3

« See footnote a, Table I ¥ Lowest and highest values are shown
where more than one availability test was made.  Note that this re-
Rects variation both between samples and between repeated determina-
tions on the same sample.  © Fortiticd with reduced iton. 4 Forufied
with ferrous carbonate.

that the iron in eggs is unavailable and that the presence of
eges in the dict interferes with the utilization of iron from
other sources (British Ministry of Health, 1968; Elwood,
1968: Elwood e¢r al., 1968; Narula and Wadsworth, 1405).

A biscuit mix was fortificd with enough furrous suifate to
furnish 176 mg of iron per kg, prior to baking.  The relative
biological value of the iron in the resulting bithed Piscuits wae
77 and 109, respectively, in two tests with chichs. This come
pared favorably with the arbitrary value ob 10 when the oo
rous sulfate wits added directly to the test dict.

Attention is also directed in Tuble § o the refaine bio-
logical values found for the varivus foods fortitied with re-
duced iron.  In all cases these values were within the tanee
found for reduced iron whun this material was addea soo-
arately to the test diet.

Influcnce of Dictary Protein.  In their review articles, Coon
(1964) and Layrisse ef al. (1908) noted that low proten dict.
interfered with iron uptoke A test wis made to compare
dicts with 1027 protein and 207, protein fed to anuinic rits.
The dita are swnmirized in Table HIL Wit either owll
utilized compound (Terrous sulfate) o apoarly utilized come

Tuble B Mot of Phedary Protein on Response of Rats to
Supalomental fron

Suppieeantal Ben FHemato-

my Protein  Hemopglobin - crit (7]

Sz b e by {2100 mi) P.CAND)
NGO 8 10 340 250
ferrcis sl i I 7 91 7 0
frerrous ity 1 20 8 67 9.7
Perions sudaie Kt g 11.36 47 6
Forrous L bonaie RE 1] KR RESEE
Ferrous carbonnute i 20 SN R

Puble 18 oot of Swnrbic Acid on Utilization
of Tron by Chicks
\ o Ascarhic
Hon Supgoment \cid Hemato-
my Qe Hemeglobin  ceit (7
Souee oy my had (2 160 ml) P.OCND)
None n 2R 16 N
Ferrous sulfate S 370 24 3
Ferrous sulinte ti Hho7s RO
Ferrous sutfate N 6H Y0 N7
Ferrous sultute 2 - 7.79 Y
Smectite-vernneulite 20 RIRIA CIN X
Smectite-vermiculite N 4- REE) 27
ferrous carbenate 20 9 149
errous carbonate 20 -4 2.90 IN§
Ferriconde 0 2.78 I8 0
Forrie ovide 23 ! 3.9 I8 6

pound (feiross caibonaay, hemoplobim and hematoarit -
Cretaed punarically wihen the dict contuned the higher pro-
ten devel e elieet seemned Lo be gremter i the case of the
Better utthzed iron sovrce. but the didfferenees were not gainte
statistically stpnthicant.

Influcnce of Ascorbic Acid and Vitamin k. Many workers
hive reported that ascorbic acid improves the absorption and
atilization of iron (Apte and Venkaachadam, 19650 Baneries
and Chakrabarty, 19650 Brise and Hallberp, 19620 Cireen-
borg er ool 10570 MeCundy and Dern, 968 Brise amd
Fiallbory (1962 showed that the cllect was i the dietne
Giict, and that anirasenous scorbic aond had oo clea
Greenbhory e ol (1957 wonontad it the cembinatron of

ascorbie woid and vitenin g npooved the viltization of dicee

ron more than did cither v olone. A Tes Liboerstene

e reporicd po such cffectss Chaney amd Burnbigt (1o
Found that addition of wscorbic acid, sorbaot and sy
did not iserease iwon absorption by baby pag Sieda by
atudies with chncbe, FHI oo Stardhion €1903) obsenved thn
decoriie aoid e e e Lecr on hoaeiobin st or wathoat
sunphorntod e
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Table V. Effect of Dictary Ascorbic Acid and \itamin ;. on

Utilization of Supplemental fron

Ascorbig Retatin
Acid Bioiogicui
Iron Supplement Vitamin L. (200 \alue of
Added to Diet (60 mp kgt mye Lo Trom
None - - .
Ferrous sulfaie - - R
Ferrous suifate - g~
Ferrous sulfate - - e
Ferrous sulfate -
Ferric orthophosphate - :
Ferric orthophosphate - - -
Ferric orthophosphate - - .
Ferric orthophosphate - - e

¢ See footnote a, Table I ¢ Sigmhcantis greaicr thali group
sullute withour sdded ascorbic a.ld or vitamm B Other Liues o
not dilfer signincaathy from corresponding contral group.

Table VI. Effect of Miscelianeous Foodstuffs on the Utiiiza-

tion of Supplemental Tron

Material Added to Diet or Relutive Bioiogical v alue-

Treatment of Sample Before Ferrous Ferric Ortio-
Mixing into Dict Sulfate phasphat.
Direct addition of iron salt Tops 9
FeSO. mined with biscust mus and
baked biscusts tested N
FeSO, dnsohved m evap. nulk e
FeSO dissohved in sbam mulk G
107, cellulose y2 K
10?2, lactalbunun - NG
10°7 soy protein <) NE
109, soy protein «2 7y
1Y, pelatin ] 12
570 doned whole egg HLE
1590 dricd vpy white "y

“ Sectootnote u, Tuble 1 ¢ Significantty gr
Ing vonirol ;'mup Other difierences werd
from aepropee control group.

water than the oo
ol osigishic

Effect of Miscellaneous Foodstuffs.  Brise ¢1962) redorio
that food generally interfered with the ubihizotion of
mental iron given sunultancous),
tests in which vanious foodstafs w
or addued 10 the bisal dic s sae

Fhoe rosalis of oo o
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elfective as un oral hematinic for swine cven at levels much in
excess of the suggested requirement level,

When increased levels of reduced iron, ferric orthophos-
phate, or sodium iron pyrophosphate were used, these conn
pounds were clfective for the cure of iron-deficiency anemia in
our experimiental animals.  The ellectiveness was in the order
of magnitude that would be expected from the relative bio-
logical values established in carlicr tests with these materials.
These observations indicite that iron sources with at least
somte minimal availability can be used for food fortification
provided enough of the source ts used to firnish the needed
quantity of available iron.  In some applications, technoloy-
ical problems (rancidity; discoloration) may make it imprac-
tical to use iron compounds that have maxinmumn availability,
These observations provide an alternate mode for food fortifi-
cation.
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Aqueous Oral Preparations Conmining Ascorbic Acid,
— . Vitamin B,,, and Ferrous Gluconate”

By C. F. GERBER, C. P. H1V/S

L, OO KEWZE, and AL F. LEYDEN

i
iy

Ascorbic acid, vitamin By, and ferrous gluconate, althoogh mutually incompatible,

may be compounded into stabie, aqucaus orul preparadions by using commercial

70 per cent sorbitol solution as a vehicle,  Data are preseanted showing the stabiliz-

ing effects of sorbitol in two formulativns coninining aseerbic acid, vitamin By, and

ferrous gluconate, and in a multivitiuin tormuladon from which ferrous cluconatw

was excluded.  Stability of these produces s ateribared specitically o their sorbitol
vehickes.,

Ascmum‘ ACto, vitamin Bya, and derrons gon Pl ;ltunmp;dihi!ily Between fervons fron st

salts wre motuadly ncompadilile. The and vitisin Be s dews prosownced. Tonoom
mcompatibility of vituuin By with ascorhic aod adie . an dqueotts oluteon (pHO D ol evanoes
m aipicous solution s extrente,  Coplete loss ol balutuin aud Boois oheateite fost 2 |t cent of
eyanocobaliunin and ascorbic acid, for cxaunple, s vitanimg By elivilye after ive weeks' dogace
was oliserved i an aqueons solation stored for at 377, 4 per cent after three momths storaze
five weeks at 25° Simtlar studies (13) of such ! 96 per cent after nine months’ storage at
solutions have emplasized the serious nature of  roowe teninerature. Aeother aguecus solution of
the vitwmin Byascorbic ueld incompatibility,  lerrons salfete and evanocobaluuin showed 50
although activity loss was not as marked. per cent loss of vitumin Ry activity alter & weeks'

hd Krrnvrml May 18, 1457, from Chus. UVlizer & Co., Ince - stonige al BTRS

Brookiva 6, N Y. e While the destructive action of yon ~uits on
Frewented to the Scientific Section, A, Pi. A, Now York . L . .

meeting. April -May, 1957 weorhie acnd 14 renerdiv known, e has bheen
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wolut s and Mics Mary Regubskiand Maso Joy Buckley lor Ly g .
|~rf~.lx::::|.:;".v:v \‘.)I...) 1y fersu ATy ' thalite, Foone o ol e e ohe et
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than ferrous tron salts, bul both are extrenwdy
deleterious to vitamin C in agueous solution. A
solution of ascorbic acid aned ferrons wluconate.
adjusted to pH 4.2 wnd stored for two weeks
37°, lost 28 pet cent of its aclivity,
corresponding  solution
cquivalent amount of iron in the form of {eiic
ammonium  citrate pur eent
After four weeks' storage at 37° both
showed an 82 per cent loss of netivity,
Investigations in vur Tbortore . were

whicicas i
which  conlainced  an
fost O} activity.

sodulions

direcicd
toward preparing practical agueous dosage fors

The effcet af
ferrous gluconate on stability of the v Lunins was
also considercd.

Initiaily, the relutionship of low wuter content
of such preparations to stability of the vitiuntns
was studied.  Multivitamin solutions were pre-
pared using agueous glycerin (67 70
glycerin) as a vehicle.  These formulations were

.not satisfuctorily stable as will be discussed later.
Furthennore, liguid formulations containing high

contuining vitamius B and C

ner o oent

concentrations of glycerin are quite unpulatable,

Attention then turned L 70 per cent surbitol
solution as a vehicle for preparations of this Gype.
Commercial sorbitol solution (Sorbo ) e
water content and possesses a pleasant,
taste. It was found that awe of jer cent
sorbitol solution, cither alone or with glveerin, as
a vehicle for orat liquid products contatning

@ low

Wt

ascorbic acid, vitamin By, and ferrons siuconade
circnmvents the mutual incompatibilities of this
combination,

Two formubations containing this coaphination
ane 4 muoltivitamin Hoguid, whiclt docs notinelisd

feirous phiconate, are discosed e, Tl cotn

position of thewe product: cimciven w Tablo !

EXPERIMENTAL

Formulation A (Hematinicn  The  leatone
preparation wis the simplod of the theeo prepans
tions, 1t contained fertous pluconato, s fanin 13,05,
and ascorbic acid; corhital olittion
used us the vehicle

The ferrous gliconate was dissalved i the 7007
sorbitol solution at 70°  The trporatore wa-
dropped to 457 sond thy
The solittion wis conled Lo tonia tomner it ol
the vitmin 1. whlod e
fially sedjieted to pdb 10 wath
flavincd

Formulation B (Multivitanian - Dreps: T
jftiviteie drops contained no iron sadt bheeae
of the Ligh coneentrdns regrirad for adeqate iron
awind

™Yy, alone was

ameorhic aeid wis disabyved

Wt [EEHTTS IR

wal iy e ate e

dosage e 6 ce. beearae of fnconmpoaiibilin

t Regedered toede sk, i Payelor 4 oaenn sy AV
mogton, el
T Vitamin

ts XV

fags wnced ot the sty wa L Vo vedo o
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with vit v AL
i B
wieel 88 ceanplex

peed of three

Thie doage botm comtoned
aeied, wath vitamins A e
vilannns,  Phe
vehine of 7000
oo votume of plyectin.

vl asenhae
vl was e
sorberol alution o
The oiacimomde coed nhofhovas 57 pliosplog
i were dissolved in 7% sotbited solutpw

S Thie ternperature wos mantaesed and 4
sobved Fhe vest of e n
L oneledinge vittonin B wore diseolvad

ER ,3z7 was i

bt

fiiis ~olittion at room temperature.

N Pabimitate for Aquecns Fasparas
[ coand vitanun Doovi corn anl v
coneed and dituted fnrtier witle s sneadl
cotn o Pl ol solution was then wsed tof

secording to the National P
gethiod for cod Hver il cmulyion O
et of pondered aeacte (hy wephith was :
in tots parts of ail solubion containimg vitueoin A
amd D Two parts of T sorhitol solution
weight) were added guickly and cmnal-afication v
accomplishod usimg o Waring Bleador,
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Formulauon A (Hemdumc\' Dose -

5 cc.
Conen - Ploe Conen v
Vitamin By, micy. 2 T
Ascorbice acid, mg. tiny Rl
Perrous gluconate, myg. Ko 1

Vehiesios Sorbo !

flovors, pl, 1.0
Formulation B {Multivitamin Drops

Dose - 0.6 cc.
Vitamin B, ey i
Ascarbite aeud, g R
Vitann \, uindtes SO
Vit Dy anits [
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Uy ' [
Featiositaos o, g t P
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H tpb ot it
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\\l‘\: DU Gy W
citrmed, 0
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Ctoredt e
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wiler Voo
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vt o s ptie phate ahiove e B
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Fig. 1. Formulgtion A Stability of vitwnins B,

and C at 257 and 137°

The prinary cinulsion was then graduatly dihirtet
under gentle agitation with the 709, sorbitol solu-
tion -containiug the water-soluble vitwuins,  The
solution waus then adjusted to pH 4.0 4.5 with so-
dium citrate and awvored.  The ghyeerin was added
as the final step.

Formulation € (Tonic).--The tonic contained
ferrous gluconate, vitumin By, and ascorbic acid,
with other hematinic fuctors and additionad can-
ponents intended to impurt 4 sense of well-being
The vehicle contained 10% ethanol; the remining
W% of the vehicle wis niade up of threo voluiies
of TU%, sorbitol solution und oune volume of gy eerin
which contained 200 myg. sodiunt nhu\n.n!'nl-
cellulose? per e ;,l\urm

The ferrous glucomtte was dissolved i tie TuG
sorbitol solution at 70 The temperature
reduced to 457 aand the aseorbic acid was disaolved
After cooling the solution to room temperitare, folic
acid and thyroxine, dissolved ina miniun \mu'm
of 0.1 N wodinm hydroxide, were wedded
steraids, wmphetaming wilfate, and vitanin H-;
were dliesolverd in the ctlmmol i dispersod e the
i solution. Sodinm citrate wins tsed Go bt

ISELAN

the preparation o pll 40 12 ared v ore s
welded!

Finally, the 250 odntiacol i carho e s
celhdora in ghveerin was addeds Fhie £ N

inchaded 1o restoge the vieeosity which swa o redie od

Sharply by the presen e of cthanol
Storape and Assay.  In ol

thyee ol e

principad interest wae io the retention of potono by
vitinins B oand O which are repuated HECERTSVRURT I
whep prosent g the same dosage formutation
In the mudtivitanie drop (Formumlateas oo
casiomat sasites were performed on othes Sibiie cem
ponent-, notably thinnine ot vitanm A

The wamples wers subdivided st o s
Cerew capped bettlos with o fap tliv e vveeute o
The hottle . were stored in ovens al ST e
air-conditioned oo maintined i

Coonerally, assitys wer porfimed vte e s
for 135, 26, amd 52 weeks S dor o e
cayed at Kand 20weeks

A-corhie aeid wies sy e neensdingg e tie e e

in LS Pharnwopeia NV Bor B con i §iio

Paw Jlereado Tonader RTETTPRTTIN
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Wilustngten,
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Fig. 2 Stability of vitunidins Hi

Fe o
25 and 35

Foymudatin B

and C ot

with o peroxide madiication. Cyanoeobubuuin wis
assaved !lli('l‘ll‘)iﬂl'l)..it“l”\' using o minor odiien

tion of the UL S PNV methiod

. RESULTS

Stability wt 23 and 37° of vitumin B and as-
corbic aeid in these formutations is shown in Figs
13 Jach point on these graphs usaally repre-
sents an average of assays from nine individual
utehes of the specitied formulation  Straight lines
drawn through these points by inspection indicute
deecmpositisn trends of the vitamans,

Stabitity as 257

Formulation A {(Hematinic).- i e ot

storigye

Driring this period ascorbic acid Tost 1995 vetivity

QRTINS

Formulation B (Multivitamin Drops:.  After ~ia
ot e storage N9 losses of vitwmin Bypoand
Gworbie aeid were obsenved (B 2 Onbyoes

seele braeh of this formulation was assyed after By
O The proxinuiy
Lot 1o Gne s strapotated decomprsition treoed baves
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prodduct.  There was anaverage loss of 509% activity
after one year's storage

Formulation C (Tonic).. -Loxsses of 3% for vitiunin
Wy and 149, for ascorbic acid were found afters one
year's storage (Fig. 1),

Stubility at 37°.

Vitamin By and ascorbic ucid decomposition in
formulations stored at 37° was similur but pro-
gressed at uomore rapid rate than in preparations
stored at 25° (Figs. 1--3). The data at 327° were
not corrceluted with stability behavior at 24°, and
are presented solely for information.

Results of assays on single batehes of Formula-

. tion B for vitiumin By, after 12 mouths' storaee, and

fur uscorbic acid after 57 weeks' storuge are shown in
Fig. 2. These results indicate that the slapes of the
estinuited decomposition trend lines for this product
at 37° are inordinately steep.

In our luboratories aceclerated aging tests on
vitamin preparations have been found useful as o
means of determining gross incompatibilitios in such
formulations, aud, when exceptionad ~tadnlity s
exhibited at an clevated temperature, as an indi-
cation of “room temperature’” stability. Tests of
this type arce also useful in estimuating overages in
finished dosage forins to compensate for variability
of “room temperature™ shelf storage conditious.
FHowever, an accurate measare of a product’s shelf

“stability is obtidned only on samples stored st

25% or at Mroom temperature.”’

DISCUSSION

The only component common to Formubiions

A, B, and C, other than ascorbic ackd mud vitumin

D OVERAGES"

TapLe 11—~ Svae

~-Vitamiu Biz——~  -—Ascorbic Acid—

Activity Over- Activity hver-

Retentionh aRe, Retention®  age,
b e “
: , B e
Formmulution A Nt 25 St R
Formulation B X4 20 e 20
Formulation C Hn I K6 0

o Suthcient to wmaintam fabeivd wctivety for onie year at
redstn Leiperatuse

b Activity reteatiog o detenmed after <o ape for one
yoar nt 257,

fAcivity Feteplion estintad el Tor ope yeat ot 207

Bz, 15 commercial 7055 sorbito! solution. Stahiling
of these formuldions is attributed specificaliy
their sorhitol vehdgelss Fable 11 Shows overage
suppested for aanmtenance of Libeled activity of
these products for ane vear at toomm tempendine,
hased on their beluavgor ag 207

As mentioned cindivr, glvectin water svadens
proved unseceessfub i vebieles fon Biguieds contaning
ascorbic acud wnd vitanin By CUwo maltivitianin
formulations contuwiimng 33 and 309, {v/v) wider
{Fonmulations D osud ) were studiod in this cone
nectien (Pable YRy

After 6 months’ Storage abl room tomperatue,
o batebes of D lost wan average of only 1157 of
vitirnin B, buat 51GL of ascorbie acid; wfter 12
Stonths" storage, these Tosses huad 1

wrensed Lo UG
for vitunin Beoand 8397 tor ascorbic acid,

Opoosite tesudts were found with two batches of K.
After storayge for 3 months al romn temperature,
the average loss of ascorbic acid wias only 397, but
there was a 7847 loss in vitaanin Big activity.

The good stability perfornacee of scarbic aeid
anf vitimin By in 706, <sarbito! solution may by
attributed to twao possibie ciases: the reduedd aval-
ability of water in sorbitol solution o complos
formation bhetween the polyol and cither ar both
of the vitamins. o

The specitic gravity of Sorbo s about 1.3
thus, L ce contains 59 Gui, water. Sinee vitamins
B oand C showed good stabality o Fornadetions
A, B ekl O and not in the glyectin preparations
(D ad 104 it follows that the water i the forser
products nuy not be as avatlable to caee chemteal
interaction between the vitamins,

Notably, Formulation A, i which 709, sorbital
solution adone constituted  the meastrimn, con-
Giined wote water per anit volune than Formaula-
tions D or B (3 co /100 cel ws 33 and 30 ¢o /1)
ce). Thus, it cannot be concluded that the ab-
solute water content of Formulations A, B, and €
fully exphuns the stabilizing effect of sorbitol.

Reduction  of  reactive wuater  throngh  water-
bindue by =orbitol could be involved i stabiliny
of thesws formulations  Sorbitol hoaeo hatiectant
]:ln;u'lli\"\. Solntions of bt lose water mese

slovwiv than do elveenm sodutions winen teaed

[recn bl o by ity combition s (1),
tacic de thad sothirad nray “hind™ watar nnte
v b A thoe ebv oo tooadoe it b noalshbe tr

Tane P

tormoiation by Tao A Yormatatoa I Phase - DB e
Conen /oy ol o Conen ha [ ST TR
Vitamin By, meg. e N n
Ascorbic acid, mg. HEI N
Vitunin A, units 5,000 b S0
Vitamin D, unit. U g T
mince hydrochloride, mg. BT (A o Loon
Ribofluvin, wmy. L I 0o, DN
Pyridoxine hydrochloride, mg. L. e P .
Nigeinamide, myg. it 4 o .
Culcium pantothenate, mg. 0 1t o N
Cientisic acud cthanokunide F20 (wy)
Sodium benzoate o0 (waean - 020w
Vehicle®

P e .
¥ As riboltiovin. &' phosphate sowm fribofluvia 57 phosphiete ester woncssdvam satt diivdrase Poeen

 Panthenol was used instemd of culcium puntothonate

¢ Fornmdation 1r: water, 337, (v/v); Tween SNt 500 1v

(v/v); Tween BU, WYL (viv), glyverin, gs . pll 41

vis o ghaern ¢y 320 Tarmalatn b water,
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chemical interaction between the vitamins, The
water int starch, for example, tends less to induce or
foster a given chemical action than an equivalent
amount of free distilled water. A similar phe-
nomenon may be part of the stabilizing cffeet obh-
served whien 709, sorbitol solution is used as @ ve-
hicle for' ascorbic acid, vitamin B, and ferrous
gluconate, and would explain the appurent anomaly
which exists between Fornmulations A, B, and C
and the glycerin preparations, D and B, when ouly
the water content of these products is considered.
The other possible explmation for stability of
these formulations may le in complex formation

SCIENTIIIC Boirion

[N

hetween sorbitol and either or both ascorbic acid
and vitumin B Tt is also conceivable that water-
binding and complex forumtion by sorbitol contrib.-
ute jointly toward stability of these produet s,
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STUDIES ON THEL COMPARATIVE BIOLOGI-
CAL AVANLABILITY OF IRON FROM RICE
GRAINS FORTIFIED WITH) FERROUS SUL.-
PHATE, FERRIC CHLORIDY AND FERRIC
ORTHOPHOSFHATE

Rice, like other cereal grains, is known
to be a poor source of iron so far as hacmao-
poicsis s concerned. I( was of practical
mterest thercfrre to study wheiher the yice-
cater’s dict could Le improved in this regard
by fortification of yice gains with  different
iron salts. In order 10 observe the com-
parative cficcts of different sources of iron
compound in epriched rice, the following
experiments were undertaken.

The rats were made anacmic according
to the technique of Elvehjem and Kemmererl,
When the rats were 6 weeks old, their haemo-
globin level came down 1o 40-60 per cent.
The rats showing haemoglobin level higher
than 50 per cent were rejected. The rats
(body weights ranging from 20 1o 30 grams)
were then  divided into 8 groups.  LEach
group consisted of six rats, Groups 1 and §
were kept as negative and positive controls
respectively, whereas groaps 2, 3, 4, 5, 6 and
7 were supplied with iron-fortificd rice diets,
The composition of the basal diet used in
this experiment, which has (o bhe a low-iron
diet, was as follows @

-
RBasal wmivtire Co Supplements por 100 gy oy,
of bassi! miiwture
Rice (washed, ivicd & Thiamine by drochlori e
powdered) St (. Merek & Col) 1
Caseiny (Jov: f1on) HE Ribolaving da) 2
Steenboek s sl Dotnre iy rdoxine hyvdrocbhoride
U (without io) 3 (B Merek & oy}
Gromndinut ol 3 Culeiwin pancothenate
(Roche) B
Niavin {Ro-lie) 2

Choline Cldori e (11011 1o
Inositol (1, Mereh & Co.) 160

Besides these, cach yat received a daily
dose of 0.05 e, of copper as copper sulphate
and weelly doe of 9 drops of Adesolin (INENEY
orally.

Rice wsed b the’ diet swas onhyof one
varicty (viz.,  Patnal, prvbaoiled,  polished and

314—1' (? 573



of T1.0%, woistie o, Flhe drom con-
tent of the rice was Fooand G0 Lo Ghsa per
AR

gm. The fortificatian of niee crains with

diffecemt dron compooneds was done by ses-
pending the powdered vice grains for half an
hour in mininmm quartions of water con-
tainiug  requisite amonnt of different ron
salts, The whole sespension was  dried  at
70° to 80°C. to a final moisture  content of
approximately 4% The dried mass was
then ground for’ subsequent use in the dicl.
Iron salts were added o rice grains at two
different Jevels @7z, 35y and d5pz. per g
Low-iron casein. containing approximately 20
pe. ofiron per gm., was prepared from skiramed
mitk by precipitation with N/l (CH, dried
at 60°C% and finally defsited by ether extrace-
tion.

In order to maintain the same average
food conswnption, all the groups were paired-
fed in respect to the dict teken Iy the negative
contral group.  The experimental  feeding
period lasted for -+ wecks.  Haemogiohin deter-
minations and weighings were made at the
end of each week., Ilacmogiobin was deter-
mined by Sahli’s haemoglahinometer in 0.02

~

cc. of blood takern fram the tail of the rat.

The results of haemaglobin® determinations
at different stages revealed that alter 28 days,
at an iron intake level of 35y, per gm. of
rice, the corresponding hacmoglobin values of
Gp. 2. (FeCQlpsupplemented). Gp. b (FeSOyp-
supplemented}, Gp. 6 (PebOy-supplemented)
had increased by 47, 43 and 20 units res-
pectively, whereas at the iron intake level
of Db3pg. per gm. of rice, the hacmoglobin
levels of Gp. 3 (FeCly-supplemented), Gp. 3.
(FeSO,-supplementedy and  Gp. 7 (FelOy-
supplemented) had increased by 48, 47 and
33 units respectively. The corresponding hae-
moglobin value of Gp. 1 {ucgative controlj
was found o increaze by 14 units only. In
four weeks, the haemeslobin values of difl-
crent groups supplicd with drow-curiched rice
diet had thas dnercesed (¢ a considerable
extent i comparicon o the negative conuinl
groups where no iron fortified rice diet v
given,  Comparing  the fisores for haemo-
poiesis at twa ditlerent levels of dron ke,
it appeared that ferrie chloride aned fervons
sulphate had greater haciopoietic etived than
ferric ortho-phosphate in envicho §aice grain
Between ferrons sulphate and ferric chloride
there wias' no appreciable difforonce s far
as hacnoglobin teueneristion was concerned,

My best thanks are due o Dy B QL Gaha
for his hind advice and te the Indian Counetl
of Nedn ol Rewarel for Doonding this inveati-
gation alihe Notrsion Reseach Uiy Claloatin,

b G

27-9-1002,

1 Eiveljem andd Wemmnerer, J. Lieede Clone, 935, 184,
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Fervous Sulfate Pecsonine

DAVID M. GIMLETT. M D Sun Jo -

Although many articles hive appeared m iie
medical and lay literature conceming wecidental
poisoning of children with mcedicinal irou, recent
increase in the incidence of this problem uppe -
ing at our hospital for treatment has pointed ont
too clearly that this hazard of iron therapy needs
further publication. Furthermore, the surprise
expressed by many physicians when the cases
below were brought to their attention is evidence
that the public alone is not respousible for Tk
of attention to this hazard. The purpose of this
article is to re-emphusize the problem aud to
review the smuechanisms wd treatment of iron
poisoning. Importance of this problem is not
limited to the pediatricians who may be treating
the victims of iron ingestion, but it applies to
the general practitioners, internists, surceons.
gynecologists and obstetricians who are respons-
ible for the inclusion of iron salts on the meds-
cine shelves of their patients. This problem is o«
pecially pertinent to this latter group hecause it is
their paticnts who are nost hhciv 10 have yonnie
children in the Loasehold,

A further purpose of this article s to o
phasize an unportant coect of the clivdead pice-

ture of iron poioning, the negleet of whol con-

tributed to the deatl reports d Below and atten-

i
tion to which ey prevent sl truggede an
the future, This wapect is the peread of apprane al
“vll-being deseribed below as phise o of i
tinical picture.
At our hospital from the period famary, 1400
through Deceruber, 1960, there were fwo cane ol
cidental iron poisoning vith no Ldalilies. O
hic other hand, from September 28, 1961 10 Ayl
1962, there were nine eases, one ol which s
Sl Inomost series the mortdiy rate ol ths
weident is about 50 per cent. The Tow mortadity
sate inoour sevies taav be doe 1o the fact thot
e diagnosis was wade on e basis of Lislory
alone and that defiite proof of dron inceston
was not established in every case,

From Mountuin View General Hospital, Tacon..

%)

e

Northwest M.

[

Colidon o

]'.\nly:- LTh

todretnad

I

ron

Lrist person too
Pty Since that thine
copearcd i an 199N BROOAL
oases oo the

o wbndy s the o Ganes 0t s porbant

VoS i pront
Ol
VLAY Tepents Yov e

A i

1
titer b,

!('\u-.\w‘ it l:l(l]h.';ll

oot Tt tooo s o fentous sudlbde van be
batad o wta wen ' tald
[ O S P | [ SE RN

Case 1oy twe s GU Tidian male had Beon

ogeod Bedith cunpt for acnte tacheobronchitis at
e e of 10 emthie e inaested swhiat swas osti-
avaded 0 b 13 b s anlhate tablets, 300 me.
e the e ol Soptcuber 280 1961 whale
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toas wali stained with
“aric necrosts of the
irg ¢t ‘o the peritoneal

Figure 1 Casc 1 N5
Gomori's Irer Re. i
boael i oo W otn
surface

None were tonne hovond this particub area. It
would appaear shad the pills had cansed obstruction
at this poont Microscopic section of the small bowel
sheonvedd Lecmshace rwarosis of the tissue with
muarhed wrscala omostion and inbiltrate of polys.
Ire ten hewed a monked amaonnt of dron i the
tecead conter s and abo oatending to a mnor degree
ot e the wall cad onto the peritmeal surtace.
Seo b BT e was an anmsual tupe of giant
colt o b wdlies of e sphoens This was oo muld-
G e Tastioovte i e cermiinad conters of the
pleeze swathont o tber change in e tissne that
mazht ooomnt bty presence

Cuse 2 Thas 17 dnonth old ent ingested an un-
haove st or ot vands ccoated 300 e fepons sul-
fate tabloes slobe Loy mothes svas deeping, abont
tver aned o hall Bionrs betore she was biongit to the
emer nes e ab oo Pospital St had vaeited
ton tiroes doning that penod. She was Toaged witl
one ater of cuaten el given one e of ctor il
aned adinttedd o the hospital, When shie wrived on
the floar she was asleepys Linp chilld whe conld be
aroscd ot vandd fall st back 1o skeps Hae
siatelie blond presame was 60 by flads techniqne
ared sl Lad per-orintal and penonal vannsis. Her
Bee-athang was sorne what <hodlow hat othiernwise there
were no ahnormaditicn Totravenous Hiods were
stated bt they intiltrated. A cnt o was then por-
formed, The chld wias ddso given 200 e of 5 per
ecent sodingn bicarbonate <ohition by month, At
490 e of Polvsal had been agiven mtravenonsiy,
she beeame none alert, her Blood pressire rose to =0
ssstoliec. and the ovanosis disappeared, Wl this
treatisent, her conrse wias one of steady improve.
went, plasima substibiges and ovchanges anstusion
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were comsidered unnecessanv, The patient was de
chareed, apparently welll 45 hows abter admission

Casee 3 This three vear old white wale was wd
mitted to our hospital at 4 pans, severad houes atter
ingesting approxinttely 8O tablets containing a total
ot 24 Cm. ferrons sulfate. He had become lethargic
had started vomiting and had been passing loose
stools. When brought o the cineteeney root he wa-
tonnd to be lethargic and pale, He was passiug louse,
sott. grey-bluck stools. His pulse was 120, temnpera
trre 98 F oand his blood pressure could not be read
andilily, but was weakly palpable at 120,

An x-ray was taken \vhic&\ showed 30-60 radi-

opagque  pills scattered thronghout  the  gastro-io-
testinal tract, including 27 still in the stomach (Fig.
24 in spite of the fact that he had been vomiting,
Blood was drawn {or ivon” levels, clectrolytes, and
typing and cross-matching, and a cotdowu was per-
formed. Gastric Tavage was attempted but was un
successful because the pills were too lurge to pass
through the tube. An intensive effort was then muade
to rid.the paticot’s gastro-intestinal tract of the pills.
Repeatéd 500 ce. cocktails of ipecac, sodimm bicar-
bonate, milk of maguesia and castor oil were fed to
the patient through a catheter straw,  After each
cocktail the patient would vomit and a few pills
would be recovered. The progress of this therapy
was followed by x-ray. At ten p.m.. over 12 hours
alter ingestion, four pills could still be demonstrated
in the stomach (Fig. 3) so the child was induced to
vumit one more time and these were recovered. One
of these pills was almost intact except for the loss of
its enterie coating,
. The initial laboratory data showed the electro-
Ivtes to be essentially normal and the serum iron
to be 326 meg. per 100 ml. Stools were positive for
occult blood. »

Six hours after admission the blood pressure could
be read audibly and the pulse was stronger. The
serum iron was still 315 g, per 100 ml. Exchange
transfosion was contempluted but by 14 hours after
admission the paticut was more alert and the serum
iron lvel was down to 73 meg. per 100 ml (the
child was originally being treated for milk anemia).
He went on to complete recovery 48 hours after in-
vestion. b this case it was not found necessory tn
uive vasopressors, intensive electrolvte therapy, or ex-
change transtusion.

clinical picture

The cases deseribed above illustrate many of
the important features of the clinical picture of
iron poisoning. Aldrich, after review of 42 cases.
ontlined four phases in the iron toxicity svn-
drome. The first phase occurs within 30 to 40
minutes atter ingestion. It is characterized by
vomiting {which may produce brown or blood
emesis ). diwrrhea, and abdominal pain or discon-
fort. The child mayv become irritable, pale. and
diowsy, pulse may hecome weak and Kussman!
respirations may appear. Another characteristic
ot this phase not mentioned by Aldvich but
which we ebvorved in one of our cases and A
man® veported in his, was peri-oral and pen
arbital cvanosis. During this phase inereas o
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Figure 2. Case 3. Admission x-ray of the abdomen demon-
strating 50-60 radiopague pills scattered throughout the
gastro-intestinal tract.

signs  of cardio-vascular collapse may develop
and death may occur in less than six hours, as it
does in about 42 per cent of the patients who die
of iron poisoning, or the patient may progress
intu phase two.

This sccond phase is characterized by return
of color, pulse, respiration, and level of con-
sciousness to normal, with decrease or even
cessation of the nausea, vomiting and dimrhea.
¢ is during this phase thut the phasician often
<15t sces the child and if he is unawwe of this
~dsleading aspect of the iron toxicity synd

“he may well assume, as was done in the fivst
case presented above, that the child has ex-
pelled all of the ingested iron wnd the the haz-
ack to his Tife has passed. The possible due
causequences of such an assumption are well
ustrated above, This second plase may ead
1o imprmvm('nt and cmnplvh- recovery, org at
the end of 10 to 14 hours, it may lead into the
third phase which is characterized by cardio-
viascular Chevne-Stokes  respivation,
convulsions., and conng, il death finadly oo
cs any time from 20 o 50 hours after inges-
non. Fifty per cent of the deaths ocenr in this

rome,

collagse,

period.

Coatter nygn

839

The Jast pluse oces ane to two months afta
the dnitial msodt and s caused by the cicatricial
chunges which can result from the direct necro-
tizing ctect of the iton compound on the gastio.
intestinad system Pylozic or Jower intestinad oh-
struction has necessitated surgical intervention
and, when negiccted, has even led to death In
madoutrition.

s inoany svadrome, individoal cases may
deviate from the tepical pattern. Ounr First case
is a4 good crxampic of this iu that the first and
second phases seem o have been inverted. The
crucial point is, however, that heore, oo, there
was i deceptive period of Tapparent well-being
which biased the manmer in which the case was
handled.

pathologic picture

Necrotizing gastritis and enteritis is a commeoen
oveurrence iniron poisoning but not a necessary
part of it. If the tablets are esteric coated and
hinve not been chewed, the stomach will not be
affected. When gastritis does occur, the mucosa
is found to be conzested with slodging of hlood
in the capillaries. Ferrous and terric ivon

are

s

Figuice 4 e
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Tomumed in the mucosi, connecetive tissaes, base-
ment menmibrane, and endotheliadl linmg of the
vessels. Platelet thrombi may be foundd withiin
the vessels. The liver mav show pericpontal- wece
rosis with (lt'pnsih of iron in its retnicaloendo-
thelianl clements,

The lungs. brain, kiduevs and heart show
cdemin cloudy swelling and areas of honorrhage.
Reissman® showed that hemorhagio chonres oe-
nrred i the Tungs even = hen aspiration way
impossible such as with rectal administrotion ol
the iron. The pulmonary edema which occnrs can
often be detected clinieallhy and s inportint
the mechanism of deathy In BRer smann’s andmads
respiratory fardure was the direet cinee ot deat’sy
in most cases.

mechanism of action
A brief review of ivon metaboli<con micht be
“helpful-in elncidating the mechiamisme of tovicity
of ingested dron and aid i an sndorstanding of
the measures which are arivocated for the treat-
ment of this emergency.
The total iron in the adult body is forr to five
Vhie

as -

arams, more than SO prvoeent of v in
—eombimation -with - perpleerin

pounds. mvoulobing and respivetory cusvmes,

e o
About 20 per cent of JUexicle s storace aron,
primarily fervitin and about C 1 per cont as plas-
mairon. chicfly transterrn. Stovace dron conee s
of ferritin and hemosideyi, The tos
bination of fervic bvdoosicke s haphat - and aopro-

VT N O

tein. apoferriting 71 his pro s e b i
tical to the vasodeprosaor e o 0N
seribed in 1948
icstimualatod v the oo 0 .
postnbated by Aldvicis i e

ay be responsible o o i

Sy o

Bypee seen in the on toadoit
Plastia irong i v 0 e . i

trace ol it is free iron

bination svith hea o L !
called .\’illl'l‘upln'm
alobulin is wearly e oo oo

onfv one-thind st T
iton corenty de e

1000 il

gastric absoiplion

o has heen staded 0o
abnorbed Trom thee w8 b o ¥

(BN ot b -

dicestion of iron. 1
nomost of the v oees o s
responsible for 4o

able iron bemg absorbed through the gastric
mucosa, Heilimeyer demonsirated that a hich de-
aree of pastrie absorption of iron oceurred in
aninuds alter Jigation of the pyloms and separa-
tiom of the duodenum® According to him, “Prac-
ticallv speaking, without the help of the small
intestine, the stomach alone can absorh all the
e administered.”

Castric acidity aids in the absorption of iron
v Leeping it from being precipitated as the
phosphate, Protein hvdrolysis also inereases the
solubility of ron by preventing the production
ot ron proteinates, Tron is absorbed through the
mucosal cells as {errous iron and then immedi-
atehe oxidized to the ferrie state, combined with
apoferritin, and stored as ferritin.

mucosal !)Iock?

The theory of mucosal block states that in
anemia- the oxvgen content of the mucosal cells
is reduced. and some of the mucosal iron is re-
dnced to the ferrous form. It is then carried
awav into the blood stream to the bone marrow.
The reduction in mwmcosal ferritin allows more
o to e ahsorbed wntil the ancaais correctod
wned the onyeen content of the moosal cells 1y
retarned to normal,

It is obvions it large doses of ingested iron
to overcome this mucosa! block. TTeil-
<er. however, concluded that there is no sus
e as wovmcosal block sinee. coder his ex-
pocenental cenditions, liver irme continued  to
B
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complexes giving up hydvogen jons in the pro-
cess. These workers also found hemoconcentra-
tion due to a shift of fluid from the intravascular
to the extravascular compartment. Furthermore,
they demonstrated decreased stroke volume, car-
diac output, and blood pressure, and increased
pulse rate secondary to decreased venous return.

vascular collapse

It is the vascular collapse which is the lethal
factor in iron toxicity and even though intestinal
necrosis and peritonitis frequently cecur in those
cases which come to autopsy, death can also oc-
cur in their absence. In our first case reported
above, though there was an area of hemorrhagic
necrosis in the cecum and local peritonitis, there
was no perforation or generalized peritonitis of
sufficient extent to be considered ‘the cause of
death. Reissmann demonstrated that death could
occur without gastro-intestinal changes and con-
cluded that, “the intestinal or gastric necrosis
is not a necessary factor or integral part of the
fatal outcome of iron . poisoning and that the
lethal effect is primarily due to the absorbed
. e
iron.

- -{reatment

The following procedure is offered as a genceral
plan of management in trcatinent of this emer-
gency condition. Alterations in the plan will oc-
cur with individual cases, of course.

A. Treat the Shock. In the presence of shock,
intravenous therapy, through a cutdown, should
be started immediately. While Llood is being
typed and cross-matched (cuough swnple being
drawn for a detenmination of serum clectrolyies
and iron), plasma or plasimi substitutes mauy be
started. Whole biood can then be administered
wd the advisability of doines un exchange trans-
-1sion may be considered. Vasopressors ay also
be of some help since the vasodepressor action
. VDM probably contribales to the shock syn-

.ome.

B. Empty the Stomach. Induction of cinesis

ould be the first phase of this step sinee the
sge iron tablets are not Jikely to puss through

1avage tube. Following this, the stomach should
 lavaged with 5 per cent sodium bicarbonate
sshution and 20 ce. of the solution should be left
+ the stomach at the end of the procedure in
rder to convert what iron remains into the less
vluble salt, ferrous carbonate.

If there is no doubt that iron was ingested,
this step should be perfornied as soon as the child

841

is seen and the blood pressure is known to be
stubilized sinee, as has heen noted, castric ab-
sorption: of irou js possible and toxic svmptoms
caw occur within 30 to 60 minotes of ingestion,

C.o Xeray of the Abdomen. This simple and
often ignored procedure can be used hefore the
induction of ciesis is attempted it there is any
doubt that iron was really ingested. 1. 1o iron
pills show up in the stomach on X-TUy, dastric
Lavaeze will be pointless wd the child can be
spared the travma and potential danger of this
procedure. H emesis has been induced. an X-Tity
of the abdomen will demonstrate if all the pills
have bean removed. I a numbor of pills remain
in one location, as in onur first case, surgical re
moval may be considered it the patient’s condi-
tion permits. As can be seen in our third case,
serial a-rayvs of the abdomen are extremely use-
ful in irecting the course of treatment. In this
case it should be noted that more than twelve
hours after ingestion, 1.2 grams of {errous sulfate
could still be detected in the stomach and the
pills were successfully removed by further in-
duced emesis. Without the use of x-ray the pres-
ence of these pills would not have heen suspected
this long after ingestion. Demonstration of the
retention of these pills after repeated emesis
over a prolonged period teaches an important
lesson ubout the treatment of paisonings in gen-
cral;

D. Ewpty the Bowel. Cathatics should be
given, combined with enemas i NCCOeSSry, to
empty the bowel. Demuleents such as milk. oil.
ot esg whites may be used to prevent absarption
of the jron as it passes through the wat. Bi-
carbonate or phosphate jons can he provided to
decrcase the solubility of the iron. Very rapid
times  tlaough the he
achicved so that nearly intact iron tablets can

transii intestine  can

be rettieved in the stool.
£ Exchaiigze

the most etticient method for removal of the
absorbed iion from the bload stream and body

Lransfusion. This is probably

tissues. 1 cutdown has already been pertorm.
ed or the adiniuistration of uids, as proposed
whove, exclamge transtusion can be started witls
litthe Joss of time it the Paticnt s condition dee
ot vespend to the above nuaares. Ametnoan
ctabreport o the etficacy of this form of tyear.
ment in the case of an IS month old child whin
mested 45 1o 73 e of ferons salfale, vornited
and had Dliaek stools. Thein patient was admittcd
with peri oval evimosis, blood prossure ol 300,
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andd i semi-comatose condition Cmnch ke case
2abaver Sivand one-halt hours after itdmission,
evehange transfusion was started and e paticnt
subscquently recovered. Whether the transfusion
wis really necessary s not definitely shown but
it seemed 4o be of nse when other measures fal-
ed to climinate the evanosis,

In view of the probiems in Blowd coagnlation
which develop as o resalt of iron poisining, s
claborated by Wilson et al.» this aspect of the
treatmont  program  asstumes treater im-
portance and should be emphasized wmove than
it has been in recent articles.

even

F. Chelating Agents. The use of these acents
has been advocated sind carried ont by a number
of people on a theoretical basis but the opinion
of the investisators w ho have examined their use
in removing iron in iron storage diseases s prac-
tical. It is well summarized in the follow ing
statement and probably can be applied cqually as
well to acute jron poisonine, viz, “In evaluating
the-use of chelating agents it s apparent that
the increases in iron everetion are onlyv a singll
fraction of the amonnt removed by asingle phle-
hotomy and it is doubtful that this form of ¢hemi-
therapy can compete witly Dlceding as o micenns
~wf mobilizing iron in primary Temochromatoss,
Benson and Sisson used ED P (of)n feneddiaomi-
netetriacetio wcid - in the teatment ol cvperi-
mental iron poisoning in doss and s er abl tn
lower the serinm iron but 1her
arently died

anine s opbee
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(. Correction of Acidosis. As mentioned e
lier, metabolic acidosis is an carly oceurrence v
the ivou toxicity syndrome. When the more i
portant wcasures have heen carred out, the o0
justment ol clectrolvte balance should he per
tormed with M/6 sodium lactate or sodinm
carbonate.

H. Artificial Kidney. The use of this machu:
has been advocated in the treatment of iron po,
soning but it is doubtful if it would add anythin,
to the therapeutic regimen. As Reissmann poir:
ed ont.inast of the iron in the plasmais in a non.
dialyzalile {form. Precious time could be lost 1.
initinting artificial dialysis when exchange tran:
fusion could be quickly, and probably mere |
fectively, instituted.

I. Hospitalization. Due to the deceptive clin-
ical course of thiy syndrome, we believe in the
hospitalization, immediately after ingestion, of
all children in whom there js any doubt that all
of the ingested material was removed from the
stomach. They should be observed for at least
45 hours and attending nurses and physicians
should be instructed not to be deceived by ap-
parent well-being of the patient.

prevention

OF course, the first line of defense in the pre-
~veation of aceidental jron poisaninge consists of
the ceneral precautions against anv kind of medi-
cival poisoning in children, viz., Loeping medi-
cine contoiners tihtly sealed, ont of reach, and
Laeked ap.
Another important preventive measure is the
proper instruet on of the public in the high tovi-
b ren s by B Ming the bottles as poi-
Vrons ta childiens A Gnevtension of this s
Tttt ier pasionts and plivacions to be aware

.

LW and Welier, B Znr phvsiologie g

P Pov sne herersens, Alcl Fyyos Path Pharr-,.

: E3

'8 T 2 U aed Verhat LT A vinngg g potson s

: Ny oy ne s of aron ey atien, AN
b L n gy e

b et B Calvegny T Joe gy on 8,

e

cihoed

Nebswin 1P L Fas G 6

Torten antoxicat: Bl g o
o e
It LA SO T Cane cf by

BRSNS ¥ PO COctobory Jugt

id e

CHLate pogser T

WO ke encluantmert o T eNcren
SR e e E Mg B PR ST

N N O N O T S R

herthag, e o tgaas

) NS YUOOR Lo Siveon i S

AMA T O e P TI R

RRRRERCI IS

! ' R ot

Y peher IDK



of the various vitamin and hematinie aceents
which coemtain iron in significant quantitie.

summary

The recent high incidence ol ivon porsanmes
with one fatalitv at our hospital has been illne
trated. A number of important points concemne
ing iron poisoning have been emplasized. viz:

A. The high mortality rate, often ronning te
50 per cent.

B. The deceptive clinical picture with a peiiad
of apparent well-being occurmmig just prion to the
rapid onset of cardiovascula coilapse.

CoThe semniliceans o of s problens o phe
oy owo ae presaribing fon Camponde b

I NI TIEN
{

pY o Phe e of an s o denenstiate tHa

peoosenc e b o tablets i the aosro intestingd

AN ad .

1. The vaportant role mstiic absorption plass
in the production of this svndionme.,

170 The, wedvisabilite of hospitadization o the
antnascment of vintiedhe all of these cases. 8
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THE EFFECT PRODUCED ON THE BLOOD
FORMATION AND METABOLISM BY FEEDING
ACTIVE IRON OXIDE AND RADIOTHORIUM
TO NORMAL RABBITS 1IN CONSIDERATION
OF THE URINE QUOTIENT C:N

by Allen Goldbloom (New York)

(from the experimental Biology Department of the
Pathology Institute of the University of Berlin)

(received November 10, 1927)

A few years ago at the request of Prof. Bickel Dr.
Brodski from Rostow carried out experiments in the local
laboratory on normal rabbits for the purpose of
determining to what extent it would be possible to
bring about an increase in the number of -red blood
corpuscles by feeding so-called active iron oxide in
the sense of Baudisch, now known under the name Siderac.
For purposes of comparison normal rabbits were also fed
inactive iron oxide according to Baudisch. It turned out
that a hyperglobulia was not produced in these normal
animals through these iron feedings. The tests of
Brodski, which have not been published up to now, were
handed over to me by Prof. Bickel for publication in
this article. In the table which follows I present the
test results achieved by Brodski. All of the rabbits
were fed the same carrot feed during the entire test,
Every rabbit was then observed for a period of several
days with the feeding of iron. Then the rabbits were fed
perorally increasing doses of active and inactive iron oxide in
immediately consecutive intervals 1In the tests with the
active iron oxide at the end of them a period was added_on
lasting several days in which this iron oxide was applied
subcutaneously in aqueous solution.

The red blood corpuscles were counted in each test
period. In table I the average values of the tests by
Brodski (1) are given,

From these figures it follows that we cannot speak
of any blood-pitcture promoting effect of the active and
inactive 1iron oxide in normally grown rabbits which were
fed normal food.

It now became conceivable that by means of a combination
of active iron oxide and radioactive substance a hyperglcbulia
could be produced. It was shown by the experiments carried
out by Wada (2) in our laboraty that by means of daily
feeding of 30 to 44 Mache units (abbreviated M. E.) of
radium bromide per kilogram of body weight in normally
fed normal dogs a slight hyperglobulia gradually formed.

After intravenous single injections of about 50 to 500 M. E.
of radium bromide in normal and normally fed rabbits there
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occurred a certain tendency towards increase of the red

blood corpuscles without any effect on the body weight.

By means of the work done by Kosokabe (3) from the local
laboratory it was also known concerning radiothorium that
with a single intravenous injection of a low dose of

about 100 M. E. per kilogram in rabbits there gradually
occurred a slight increase in the number of red:blood
corpuscles . Nothing was known as to the effect of such low
radiothorium doses on the blood picture (blood count)

in peroral daily repeated doses. Such an effect was however
possible when we recall Wada's tests with radium feed.
Combination tests of two kinds therefore come into
consideration: 1. active iron oxide combined with small

doses (about 75 to 100 M. E.) radiothorium and 2. active
iron oxide combined with small doses (about 30 to 50 M. E.)
of radium bromide whereby these doses were calculated per
day and kilogram of body weight. The purpose of these ,
combination tests was , as already stated, that of determining
whether by means of this combination of active iron oxide

and radio active substances stronger effects could be

exerted on the blood-forming mechanism, along with the general
metabolism effects, which are inherent to the active iron and
the radium or the radio thorium in the dose mentioned.

This present work of mine is concerned with the effect
of the feeding of active iron oxide and radiothorium on the
formation of blood and the general metabolism in peroral
administration of these substances,

In an earlier paper (4) I showed that radiothorium at
a dosage of about 75 M. E. per kilogram and per day in

" ‘daily repeated administrations causes an increase in the

urine quotient C:N., The same occurs, as indicated by Wada
(5)also in the peroral feeding of active iron oxide. Thus in
the low dosage mentioned the radiothorium works the same as
the active iron oxide Siderac of which 5 mg per kilogram and
per day 1s an effective dose.

The C in the urine was determined in accordance with
the method of Gomez given in his work (reference 7) . The N
in the urine was determined according to Kjeldahl in the 24-hour
urine amount. . A

The result of my tests, which is compiled in Table I1I, was
therefore the following:

By means of daily peroral feeding of 5 mg of active iron
oxide (Siderac) and 75 M. E. of radiothorium in the case of
normal and normally fed rabbits the urine quotient C'N is
driven upwards , but an increase in the red blood cells does
not take place. It follows from this that the dose of the
radiothorium which is optimal in peroral feeding of it for
producing the general metabolism effect which is expressed in
the increase in the urine quotient is not sufficient to
produce, and let this be emphasized, in normal and normally

fed animals any change in the blood picture even within
aavaral wsesalkae. Hnw the anemir hadv hehaveae with reoard tn cauech



treatment must be investigated in particular and also the
question of whether other results can be obtained in normal and
anemic bodies using radiobromide instead of radiothorium. On
the other hand, in the peroral feeding of about 150 M. E. of
radiothorium and 5 mg of active iron oxide (Siderac) per
kilogram and per day , as well as in somewhat greater doses,

an increase in the number of red blood corpuscles was achieved,
in normal and normally fed rabkits. The dose of 150 M. E.

is not as favorable, however, as the dose of 75 M. E. for the
effect of the radiothorium as regards increasing the C:N
quotient. o

Lastly let it also be pointed out that the active iron
oxide "Siderac", which we heard about in the beginning,
that it does not affect the blood formation in normally fed
rabbits, in the case of anemic children the anemia in such
children was promptly healed . according to the observations
of Moldawski (6). ’

We must always bear in mind that in the radioactive
elements and particularly in the substances of the thorium
series it is quite a different matter if we administer a
given dose perorally or the same dose intravenously, since
in the case of the peroral feeding because of difficulties
in reabsorption the amount of substance which is actually
fed to the body environment cannot be evaluated at all.



Table 1

l= iron dose per animal and day

2= observation time in days

3= number of red blood corpuscles as an average over the period
4= rabbit No. 1 ,
5= active iron per os (perorally)

6= active iron subcutaneously

7= rabbit 2

8= active iron per os

9= subcutaneously

10= rabbit 3

11= inactive iron per os

12= active iron per os

13= rabbit 4

l4= {nactive iron per os

15= active iron per os

)

Table 1I

1= iron and thorium dose per kil of body weight and per day
administerd perorally (through the mouth)

2= observation periods in days :

3= the number of red blood corpuscles as an average over the period

4= C}NmiguoLienx)nas—a~period average

5= rabbit (no.) 1 _

6= 75 Mache units éadiothorium + 5 mg active iron oxide

7= tabbit 2 75 Mache units , radiothorium + 5 mg active iron oxide

8= rabbit 3 75 Mache units radiothorium + 5 mg active iron oxide

9= rabbit 4 75 Mache units radiothorium + 5 mg active iron oxide

: 150 Mache units radiothorium + 5.mg active iron oxide

10= rabbit 5 . 75 Mache units radiothorium + 5 mg active iron oxide
150 Mache units radiothorium + 5> mg active iron oxide

11= rabbit 6. 75 Mache units radiothorium + 5 mg active iron oxide
150 Mache units radiothorium + 5 mg active iron oxide

Table 111
Test by Brodski on rabbit no. l; carror feed

1= date
2= weight in grams
3= hemoglobin in % ,
4= number of red blood corpuscles given in millions
5= white blood count
= from May 25th to to June 1. Without iron
7= from June 2 to June 10. 0.005 g of active iron daily.
8= from June 11 to June 16. 0.03 g active iron oxide daily,
9= from June 17 to June 24. 0.015 g active iron oxide subcutaneously,



-5-

Table IV

Test by Brodski on rabbit no. 2! carrot feed

1= date

2= weight in %

3 = hemoglobin in %

4= red blood corpuscle count in millions

.5= white blood count

6= from May 25 to Mane 1: pre-period. Without iron,

7= from June-2 to June 11 0.005 g active iron oxide daily.

8= from June 11 to Jume 16: 0.03 g active iron oxide daily.

9= from June 17 to June 24: 0.05 g active iron oxide subcutaneously.

Table V
1 = Test by Brodski on rabbit no. 3 ; carrot feed

2= date .

3= weight in grams , . .

4= hemoglobin in %

5= red blood corpuscles expressed in millions
6= white blood count

7= remarks

8= without iron oxide

9= 0.005 g inactive iron oxide daily per os

~10=-0,03-g inactive iron oxide daily per os

11= 0.015 g active iron oxide daily .per os -

Table VI
1 = Test by Brodski on rabbit no. 4; carrot feed
¥same column captions as above in Table V) -

2= without iron oxide

3= 0.005 g inactive iron oxide daily per os
4= 0,03 g inactive iron oxide daily per os
5 = 0.015 g active iron oxide daily per os

Table VITI L

1= Test by illegible on rabbit no. 1 of table illegible
2= date
3= body weight in grams = urine amount in ccm
5= urine C in grams 6= urine N in grams
7= C:N quotient 8= urine C in grams 9= urine N in grams
10= carrot quantity consumed in grams per day
ll= per day as an average over the period ‘(under columns 8,¢%,10)
12= Remarks 13= pre-period

1l4= Dose of 75 M. E. radiothorium + 5 mg sctive iron oxide per
kilogram and per day from August6 to Sept. 8, inclusive.
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1 = Table VII a (continuation)

2= date 3= body weight in grams = durine amount in ccm
5= wurine C in grams 6= urine N in grams 7= C:N

8= urine C in grams 9= urine N in grams 10= C: